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A veling & Porter, Ltd., 


RocuzstTsr, Kent, 
and 72, Cannon Srreet, Lonpon. ‘ 
STEAM ROLLERS. ROAD LOCOMOTIVES, 
STEAM CULTIVATING MACHINERY. 
STEAM WAGONS. ee 
CEMENT-MAKING MACHINERY, 


A. G. Munford Li 


, CULVER STREET WORKS, COLCHESTER. 
‘| Om ADMIRALTY az@ ‘War Orrick Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 
See Advertisement, page 24. 
PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 
xiliary Machinery as lied to 7 
ae Admiralty. “aes 2179 
Nranes.—Electric, ieee 
wialy > 5 4 and HAND. 
& 


1 types and sizes. 
eaores RUSSELL co., 
Motherwell, near Glasgow. 


STEEL TANKS, PIPES, GASHOLDERS, &c. 


[ihos. Pig Piggott & Co., Limited, 








LTD., 





BIRMINGHAM. 
See Advertisement last week, page 7 


tae and Gon, 


MARINE peaswakta, &e. 





Newsvry, Ene.anp. 9983 


i } Machine Tools in Stock :— 

i Vertical DRILLS, to admit 18 in., 26 in., 

- and .36 in. diameter. Bolt, Screwing MACHINES. 

iin. centre Special Shafting LATHE. Second- 
hand pep t 25 ft. by 6 ft. by 6 ft. 

MES SPENCER & OO., Lrp., 4360 

© caitior ‘en Works, Hollinwood, Manchester. 


ank Locomotives. 


Specification and Workmanship equal to 
*~ Main Line_Locomotives. 
R. & W. HAWTHORN, LESLIE & & CO., Lrp., 
Eneoinaeks, NeEWCAstie-on-Trnr. 4321 


Qp ecial 


WIELECTION OF 
TOOLS. 








MACHINE 
See page 53. 


JOHN MACNAB, 
Mary Srreer, 
HYDE. 


P. & W. Ma MacLellan, Limited, 


CLUTHA WORKS, GLASGOW. 
MANUFACTURBRS OF 
RAILWAY CARRIAGES AND WAGONS, 
_ OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Chief Offices : 129, Trongate,; Guaseow. Od 8547 
vistered Office : 108, (Oannon St., London, | EO. 


4629 


fuller, Horsey, Sons& Cassell, 
SPECIALISTS 


in the 
SALE ee 
PLANT AND MACHINERY 


ENGINEERING WORKS, 
11, i, BILLITER SQUARE, LONDON, EO. 


[avincible (j.s0ge (jlasses. 


SOTTERWORTH BROS., Ltd., 
Newton Heath Glass orks, »2 


Od 1884 








Manchester, Od 9763 


Economie ve Multitubular 


BOILERS (N 
One Ott. Oin: dia. x 14. long 15010. w. 
One Sift. Gin. ,, 14 ft. 3 ~ 








rrow & Co., Ltd., 


a 
WY: SHIPBUILDERS AND ENGINEERS, 
GLASGOW (formerly of Poruar, Loxvén), 
SPEEDS uP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STEAMERS OF 


Exceptional Shallow Draught. 


VESSELS PROPELLED BY STEAM 
Turbines or 


| Internal Combustion Engines 


(Sampbells & Herter, Lt 


Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3ft. diam, 


DOLPHIN FOUNDRY, LEEDS. 4547 


Yachts, Launches, or Barges, 


Built pron natand with Steam, Oil or 
ied. Od 35 


Od 8759 








Motors ; or Mach: 
VOSPER & CO., Lre.,  ieaan Street, peiaaean 


MULTITUBULAR A 
ochran CROSS TUBE TYPES. 


Boilers. 
See page 74, last week. 
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IL, FUEL APPLIANCES. 


KERMODES LIMITED, 
85, The Liverbock hp Street, 
1098, Fenchurch Bt., London. 
Naval Outfits a Speciality. 


4078 
| ocomotive Tank Engines 
designed and constructed b: 
MANNING, WARDLE AND COMPAN’ 
yne ine Works, Leeds. 
See their Illustrated 83, last week. 


R. Y. Pickering & Co., Ltd. 


(ESTABLISHED 1864.) 
BUILDERS of RAILWAY CARRIAGES & WAGONS. 


MAKERS of WHEELS and AXLES of all kinds, 
RAILWAY WAGONS FOR HIRE. 
Chief Works and Offices : 
WISHAW, near GLASGOW. 


, lamrrep, 
Od 





London Office: 
8, Vicrorta Srrest, Westminersr, 8. W. 
Machine and Engineering 
WORK of all di pres gee for Man 
escription en for u- 


PATENT. AOT.—Rosser & Russeut, Ltd, 

are prepared to undertake the manufacture of articles 

at present made abroad, and will be pleased to hear 
from firms desiring such work executed. 9211 


Two 200 KW. Westinghouse 


ALTERNATORS and EXOITERS '0-phase, 
50 periods; 2200 volts, 334 r.p.m. 
Two Belliss D.O, 275 KW. SETS, 500 volts. Two 
Belliss 160 KW., 220 volts. 


‘A... MOTORS, New, Four 10-HP., One 5 HP. 
volts ; One 35 HP. 600 volte. Three hase, 50 ania: 


P 
JENNINGS, 4576 
_ West Walls, Newcastle-on-Tyne. 


[he G asgow Railway 
* Bagong Company, 
Lap, 


VAN, @ iw. 
ont nae me lea 








aaa ACTURERS 0 ‘ 
RAILWAY CARRIAGE, WAGON "AND TRAMWAY 
‘WHEELS & AXLES.. 
CARRIAGE & WAGON IRONWORK, also 
 OAST-STEEL AXLE BOXES. 5055 





THE WELL-KNOWN 


ee Fine Rea Meres Cjana |S 





THON, BRASS, ALUMINIUM. _ 


ares, —. 
‘Mansfield Sand Co., Ltd., 


MANSFIELD, NOTTS. 3854 
———— ——— 


> Tobe, Tron and Steel. 


vertisement page 83, last week. £ 


~j obn Bellamy, Limited, 


MILLWALL, LONDON, E. 

GENERAL CONSTRUCTIONAL ENGINEERS. 1216 
Boilers,Tanks& Mooring Buoys 
Sriuua, Perro. Tanks, Am Receivers, Sree. 
Cumeasrs, Riverrep Sream and VENTILATING Pipss, 

Hoppsrs, SrectaL Work, REPAIRS OF ALL Kins. 





4923 


Edwin Lewis & Sons, 
148, Canoe ae’ i.c. Wolverhampton. 





Qtewarts and J loyds, J ta, 


Glasgow and Birmingham. 


See Advertisement page 23. 


[ ™proved High Pressure 
ee yr = Aah meray pap hee J VALVE. pa 
our bn 
ISH STEAM SPROLALTING Leet 


BRITISH STEAM SPECIALTI 
Bedford Street, Leicester. 
nes, Suction Plants, 


(528 En Engi 
oes Tests and Reports. Ex 
ew og J. DAVIS, M.1I. Mech. E., Great Rastora | : 

Stratford. Telephones : East "1850 ; a 
to "Tel. : : Rapidising, Lon 


ocomotives in Stcak 


BRI, DECANE. 6 0. Lrp., have in_ stock 
advanced state at their 
number of 


4990 














Pp sOn, 
WOLVERHAAMPTO 
Tae Guascow Rouiine Srock AND PLanr Works 


pa bee Nelson & Co., Ltd., 


LX. puters ot RAILWAY CARRIAGES, WAGONS, 
iC CARS and EVERY OTHER DESCRIPTION 
RAILWAY anv TRAMWAY ROLLING STOCK. 
Makers of Wure.s and Axius, Ramway Piast, 
Foreme, Suirh Work, Iron ano Brass Oasrixos. 
Office - Chief Wi : Motherwe! 





London Office : 4, Leadenhall Street, EO. 
See TMllustrated Advt. in alternate issues. 


[redging Pleat a 


OF ALL DESCRIPTIONS, 
FLOATING ORANES. COAL re 


Werf Conrad, are 


Agents: MARINE WORKS, tae. Danae 
39-41, Naw Broap Sr., LONDON, xian 
See half-page ‘Advertisement, last and next week, 


Mechanics and Metals 


National Bank 


OF THE CITY OF NEW YORK, 
Estapiasuup 1810. 
OAPITAL (Fully Paid) - - - $6,000,000 
SURPLUS, & UNDIVIDED PROFITS $9,000,000 


This Bank receives Accounts of Ban’ Bankers, 
Firms ood Individuals on tavourebis 


to its depositors. facilit: 








['ubes and Pfittings, of 


4850 | Exe 





LR Invanp Post. .8d. 
ENGINEERS, IRLAM, MANCHESTER, 
CONDENSERS, AIR HEAT’ 
STEAM AnD 
SYPHONIA STEAM TRAPS. REDUCING VALVES 
arrow Patent 


Price...6d. 
les Limited, 
FEED WATER HEATERS. 
CALORIFIERS EVAPORATORS, } Row’s 
ParTsyts. 
GAS KETT 
Merrill's Patent TWIN STRAINERS for Pump Suctions 
iter GUNMETAL STEAM FITTINGS. ’ 
ATER SOFTENING and FILTERING. 4924 
Witer- -Tube oe 
YARROW & OO., UNDERTAKE 
YARROW & 
RAILWAY CARRIAGES, 


H™. Nielson & (7 1,4. 


Tux Guascow Rotiiwe Srock asp Piast baby 3 
__Mormenwaut, 


Miaylor & Qhallen, I Ltd., 


BIRMINGHAM. 8195 
Presses for Sheet Metal 
See Advertisement, Jan. 14, page 55. 





PRODUOTS. 





ad Matthew pai & Co., LL 


Lavexronn Wors, Dumbarton. goss 
See Full Page Advt. page 62, Jan. 14. 


Delt Metal. tncivgenino auioys, 
Forgings, Castings, Bars, Sheets, Wire, Tbe. 
Offices and Works : East G REENWION, LONDON, 8. 


‘AL OO., Lp., - 
Petter (<i! U Baesnee | 
Manufactured by 


PETTERS Luarsp, Engineers, Yeovil. 
AUSTRALIA AND NEW ZEALAND, 


ompany having Extensive 


ization in above territories, 
WILLING omen i E y 











in Electrical and other 


Manager, now in 
First commun 
GINRERING, 


+ epee _ 
BRITISH: MANUFACTURERS, PATENTEES, &c. 
ng Branches. 
ani, can 
ions to 
N ormand 
67, ru de Perrey—LE HAVRE 
(France). 
—- 3890 
Destroyers, Torpedo Boats, Yachts and Fast. Boats, 
NORMAND Patent Water-tube Boliers, Ooal or Oil 
Heating: Diesel Oil Engines. ? 


coment: Plants. 
et and Pet J boy Eee Mills, Dust 


Sua ites ENING OOMPANY, 1 “hay 
pad and at Mua: Machine 


Onacult The Best and the Chesipest . 

wa * , 

Satisfaction teed. Sage 
Mock Orr BROS., Weer Mount, Maran, 


Rabber MANUFACTURERS, 











Hose Suction 


GUTTA PERCHA & RUBBER, LIMITED 
Toronto Canada. 


(entrifugals. 





Is & li . 
Sie Spied. tag Wi iamson, 


MOTHERWELL, SCOTLAND. 


4781 





. See half-page Advertisement page 64, Dec 31. - 












































rhe Manchester Steam Users’ 
For the Prevention of Steam Boiler pole Explosions and for 
the Attainmentof ee eS of Steam. 





[net C.E., Inst. Mech. E. 


and all neering Exams. 
eoaching by omen | 
out of ‘wo Ba 
Special features for f 


booklet, &c.—Address, Offices of 
—- 








TENDERS. 
CHINESE GOVERNMENT RAILWAYS. 


(CANTON-HANKOW RAILWAY, HUPEI-HUNAN 
SECTION). 





’ | Yenders are Required for:— 
Four 4-6-0 PASSENGER LOCOMOTIVES, 
Four 2-8-0 FREIGHT LOCOMOTIVES, 
Two 0-6-0 SHUNTING LOCOMOTIVES, 
for the above Railway. 
Conditions of Tender, Drawings and 8 


‘heatt 


264 | External 


APPOINTMENTS OPEN. 
UNIVERSITY OF OF LONDON. 
NOTICE I8 HEREBY GIV GIVEN, that the Senate 


Fixternal, "{caniioess for the 


xaminations above Matriculation for the year 
tnd | "One i ast 


‘ollows :— 
ENGINEER'NG MATHEMATICS, and One 
in METALLURGY and ASSAYING. 
Particulars of the remuneration 
obtained on application. 
idates must send in their names to the 
Registrar, with any attestation of their 
qualifications they may think desirable, on or before 
Friday, 28th January, 1916. (It is particularly 
desired the Senate ei no — of any kind 
be made to its individual Members 
If testimonials are submitted, ose copies at least 
of each should be nent. Original testimonials should 
not be forwarded in ao 
GEO. F. GOODOHILD, 





duties can be 


University of London. 
8. Meusinaton. &.W, 


anted, in July next, an 
experienced MINE MANAGER, for the East ; 
preferably with knowledge of gold mining, cyaniding 
and slime filter treatments.—Address (by letter), 
re age, to K. ©., care of J. W. Vickers & Co., 


D 401 








may be obtained from the Consulting Engineers, 
Messrs. O. P. Saxppere, Palace a 9, Bridge 
Street, Westminster, on payment of 1 

Tenders to be delivered to Messrs. C. .. SAN — 
before Twelve Noon on Stst Januarv, 1916. 


COUNTY OF LONDON. 


The London County Council invites 


enders for the Purchase of}! 

ONE 3600 Kw. STEAM ALTERNATOR, 6600 

volts, 25 periods per second. The set consists of two 

Engines, one on each side of the Alternator, complete 
with Gondenser and Air Pump. 

The Plant, together with Specifications and 
Drawings, may be viewed at the Council’s Generating 
Station at Greenwich upon production of a anh. 
Application for permit to view and Form of Tender 
should be made to the Chief Officer, London County 
Council Tramways, 62, Finsbury Pavement, E.C. No 








Tender received at the County Hall after Eleven 
am, on Tuesday, ist February, 1916, wik be 
considered. The Council does not bind itself to 
accept any Tender. 
JAMES BIRD, 
Olerk of the London County Council. 
County ra Spring Gardens, 8.W. 
13th’ January, 1916, D378 
‘VIOTORIAN STATE RAILWAYS. 
THE baer GENERAL FOR VICTORIA, 
RALIA, invites 
endera for the Supply 
and DELIVERY, at the Port 
Melbourne, fully inclusive of susan 
Customs Duties, &&., ‘of the followin 
Contract No, 26,11L.—FU8SE DI 
OXES and FUSES. 
ifications, Conditions of Contract, and Forms 
“Ponder, may be obtained by bona fide Tenderers 
4 application at the Offices of the Consulting 
a erage Joux Coates & Company, Ltd., 115, 
“Teade go one ae hi limi a 
ers, accompanied by the preliminary de t 
named in the Conditions of Tendering, hn 5 0 
delivered to the Agent-General for Victoria, Melbourne 
Place, Strand, W.O., not later than Eleven a.m. on 
Wednesday, 2nd February, 1916, marked *‘ Tender for 
Fuse Distribution Boxes and Fuses—Contract 26,111,” 
The Government of Victoria a. not bind itself to 
accept the lowest or A aye D 366 
McBRID 
Agent-Gen for Victoria. 
THE GREAT INDIAN PENINSULA 
RAILWAY COMPANY. 


The Directors are prepared to receive 


[lenders for the Supply of 


the following STORES, namely :— 
Bteel Axles for Wagons. | 
Straight Axles for Loco- 
motives. 


Steel Rails & Fishplates. 
Steel Fishbolts, &c. 
Oranked Fishplates. 
Helical Springs. Brass and Iron Screws. 
Steel Screw Couplings &c, | Ramps. 

Specifications and Forms of Tender may be obtained 
at Office on payment of the fee for the Specifica- 
tion, which payment will not be retarried. 

Tenders must be delivered in separate env 
sealed and addressed to the und x 
“Tender for Steel Axles for Wagons,” or as the case 
may be, not later than Slewen ot volock am, on 
Thursday, the — tage ban 

rectors © not bin mselves to accept the 
lowest or any Tender. 
R. H. WALPOLE, 


Com "se Odfices, Secretary. 
48, Gopthal Avenue, London, E.C. ; 
9th January, 1916, D 420 

~~~ BIRKENHEAD UNION. 

The Guardians of the Birkenhead Union invite 
M[tenders from Heating and 

Hot meers for the SUPPLY, 

DELIVERY, nog be ER og teehee n Instituticn 
and Inf Birkenhead, 
ES a COMPL 





B ORNTRALISED iE HEATING AND 
WATER Lonny $ PLANT, together with 


nections and Accessories. 
of the General Conditions Specification and 
Tender 


and Forms of may be obtained from 
Mesers, Sion & a 


Enquiries (if any) should be addressed to the | Com 
Ln emery Tenderers are requested to furnish a 

Gavening th Guardians aie a diet, 

u or 

will be deemed a ualification. 

Tenders, sealed Teens “Centralised Heating 
and Hot Water oe ” and addressed to the 
en ae elivercd before Twelve o'clock 
Noon on 14 hy Oe 1916 


8. ek CARTER, 
Poor Law Offices, om 


Oonway Street, D377 


D 888 | to take cha 





, N icholas Lane, E.C. D 421 
‘A Country Controlled Estab- 
lishment employed on Machine Tools, 
REQUIRES an Experienced and Practical MANA GER 
eof the Night Shift of 200.—Apply to 
— LABOUR EXOHANGE, mentioving this 


and No, 175. No one on Government work 
wil be engaged. D 381 


chnical Chemistor Chemical 
ENGINEER t REQUIRED. Bort, have had expe- 
rience in the of rom bauxite.— 
Addreas a. givin og full particulars, Die, Offices of 


Wanted, for Munitions Work, 


el renga 3 CHEMIST; must be an 
accurate opera’ have _exnerience in inorganic 
analysis of tall, ‘inde. The position offers 
——. Applicants must be ineligible tor 
ilftary service, and should forward particulars of 
their ee Neng ee and salary required.— 
Address, D 404, Offices of EnGIvnERine. 


K ineer, Machine Shop Fore- 

WANTED, by Marine Eogineers in 
Shongha } Must have filled similar position before ; 
must be ineligible for Army and not engaged on 
Government work. Three years’ engagement.— Write, 
detailing experience and qualifications, also age, to 
nearest LABOUR EXCH ANGE, mentioning this prper 
and No A1372. 


eae 

W anted, ‘l‘horou pie Expe- 
rienced and Capable ENGINEER, for War 
work. One with some mechanical ience pre- 
ferred, Competence in constructional decal essential. 
Give references, state and salary required. No 
mypeines already employed on Government work will 
—Apply, nearest LABOUR EXCHANGE, 

ple this Journal, D 391. 


anted at Once, Engineer, 


to take charge of mechanical side of the 

erection of a large acid plant in the North; must 
have had experience in O. and W.I. pipework, pumps, 
oe plating and rivetting. Government work. 
No person al y employed on Government work will 


be e ne —* ly, nearest ee agg EXCHANGE, 
mentioning this He nthe y and D 409. 


anted, for Government 
work, in Derby, 

CHIEF TOOL DRAUGHTSMAN, 
experienced in milling and drilling jigs, and press- 
too] work. 

It is essential that applicants should have had 
experience in the manufacture of small accurate 
parte. 

No man on Government work need apply. 

Apply, stating age, experience, salary expected, 
and a reference, to the nearest BOARD OF TRADE 
LABOUR EXCHANGE, mentioning this paper and 
No. A 370. D341 


Dviken sn and Designer 
WANTED, by —— in Shanghai. Three 
sontton ot © ood salary. Must be qualified 
to o fill of Chiet Ineligible for Army and not 
on Government work.—Write, detailing 
ions and experience in designing, to nearest 
iknour. nee ANGE, mentioning this paper — 
D4 


Dag htsman, Kalisscat 
fon Bn ge gyre as above. Good 
be be engaged write teoetenLanron Be EXCHANG 
en, yond 
oning 1371. D 4% 3 


person al ent work will 

this paper and No. A 
htsman, (I 

D8 man, ( (Ineligible), |< 


struction of mechanical ne Be filters and 
softening plants in steel and concrete, also apparatus 
for pew tn treatment. Must also to 
assist outdoors in erection, charging, adjustment 
and manipulation. No person already employed on 
Government work will be w 

testimonials, to nearest LABO 
mentioning this Journal and PD 4065. 


pe TE 





























on Government 
in automobile 
> ber military service. No 
on Government oe will 


Soca reat LABOUR. Exonawor 


porn Hes 2 a this Journal and D 





BoilerDranghtaman Reg uired |“ 


wernt Ghigo cuptenes On Germmnnins Gin oat 


cel nag “EXCHANGE, ‘mectioning this 





paper and D 406. 


vernment y.— Write or 
, your nearest BOARD "Or TRADE LAROUR 
OHANGE, mentioniog this paper and No. A ye 


anted, for Government | ence. 
work, in Derby, several 
ASSISTANT TOOL DRAUGHTSMEN. 
Experience in milling jigs, drilling jigs, or Clevelang 
automatics essential. 

Applicants should have had good technical training, 
and preferably experience in the shops. 

No man on Government work need apply. 

Apply, stating age, experience, salary expected, 
and a reference, to the nearest BOARD OF TRADE 
LABOUR EXCHANGE, mentioning this paper and 
No. A 371. DsMe2 


Wiaated, a Good Clerk for 








consultations, estimates, 
eae >=) repairing Sea or abroad. — Address, 
[echnical Assistant Works 


Manager (31) DESIRES CHANGE; 16 yours’ 
case, sup na ogy and mechanical, 





vision, and cestaal of men.—. 
of ENGINEERING, 
Sheeran. married, 
ole at pees EMPLOYMENT, at home 
wor 





or phn s, present for contractor. 


gers 
wry with bucket-d 
pny 3 little French, and M 
INEERING. 


ay -Draughtsman (37), 


22 years’ experience works D.O. buying a 
selling, general mechanical engineering. 
gas and recovery work, OPEN to tak {TION | 
present work nearly cenaglatel—-badeens, D 407, 
Offices of EXcIneERING. 


yo.— , D 400, 








London Office of Engineering C 
Apply, stating age and w: required, with full 
particulars of ye em neligible for military 
service. —Address, D 385, Offices of EnGIngERING. 


Wanted, Immediately, for 


Government work, SIX experienced RATE- 

FIXERS and ESTIMATORS, used to getting out 
material estimates from drawings, and well up in 
and feeds. No onealready e' on Govern- 

ment work need apply.—Apply, giving full experi- 
ence, qualifications and salary required, to your 
nearest LABOUR EXCHANGE, a 
275 


paper and No. A 1306. 
anted, for Works 


in 
Swansea district, a thoroughly = and 
rienced FOREMAN, to take charge of fitters and 
ther tradesmen on upkeep of running plant. Give 
fall particulera, experience, copies of testimonials, 
and y required. No person on Government work 
will be engaged.—Apply to your nearest BOUR 
EXCHANGE, mentioning this Journal and oo 
A 1049. 


Exgive Driver - Mechanic.— 


REQUIRED at once, a DRIVER-MEOHANIC ; 
teen given to person haying knowledge of large 
orthington pumping engines and be competent to 
undertake running repairs. Wages 6/6 per day of 
1% hours and house free on Works. No application 
entertained from 











rsons who are eligible for the 
Army or Navy. dood references required.—Apply 
to MANAGER, West Sverey Warer Company, 
Walton-on-Thames. D 415 


inition Factory . Requires 


several JIG and TOOL MA —_ also INSTRU- 
MENT MAKERS and TURNERS, willing to learn to 
—— and Set-up Cleveland, Gridley, and Brown 
and Sharpe automatic machines. No person already 
engaged on Government work will be considered.— 
Apply, in first case, to the nearest LABOUR 
EXCHANGE, mentioning this Journal and C 87v. 
Eagineering Pupil.— Vacancy 
with Firm (Government Contractors) manu- 
facturing latest types of machinery, oil and gas 
engines, &c.; moderate preniium.— Address, 6521, 
Otfices of ENGINEERING. 








PARTNERSHIPS. 


Every Engineer 
desiring a 
Partner 
Partnership 


should write fully to 
WHEATLEY KIRK, PRICE & O©O., 
46, Watling Street, LONDON, E.C., 


Albert Square, Manchester, or 
26, Collingwood Street, Newcastle-on-Tyne. 





4994 


PATENT AGENTS. 
Consulting Patent 





he 


AGENCY, 253, Gray’s aes aaam gage Regd. 
British, U.8.A., and Canadian 
London” — Holborn 6109. 
charges. 


All sole o auch 
inclusive 
ensen and Son, 4884 
CHARTERED PAT PATENT pg mr 

(Established 1 


Pate d Marke and ‘Beaigne Hexitration, 

77, Chapeary Sonu keaton, W.C. Holborn 1249. 

yobn EK. Kaworth, 
CHARTERED PATENT AGENT, 


70/71, Queen Anne’s Chambers, 4995 
Tothill Street, Westminster, 8.W. 














WANTED, &. 
he Proprietor of Patent 


No. 27371/12 for the “‘ Production of Gaseous 
Ozonides,” DESIRES to enter into ARRANGEMENTS 
for the purpose of exploiting the ee either by 
sale of the Patent or by the Grant of Licenses.— 
Address, E. P. ALEXANDER & SON, Chartered 
Patent Agents, 306, High Holborn, London, W. - 

418 


4 Tron Founders.—Adver- 
tiser, 


able to introduce a good payin 
WISHES to ARRANGE with a FOURDR ’ 











upil.— The Borough and 


Waterworks = meer (A.M.I.C.E.), of 
Leamington, has a VA CY in his office for a 
PUPIL.— Address, TOWN HALL, C 34 


A Large Firm of Engineers, 


ey ~~ + ew ate 4 have an Nien pees tg a 
Yo of good education as premium pu 
course to include both works and drawing office, — 
Address, 4359, Offices of ENGINEERING. 











SITUATIONS WANTED. 


anager, Experienced Elec- 
trical and Mechanical Engineer (Estimating 
and Erection), also conversant with the eutan a of 
metal for cartridge case and fuse work, - Paap pang 
ENGAGEMENT. Age 30, discharged from Army. 
Full particulars.—Address, D 390, Offices of 
ENGINEERING. 








Services Offered as General | Ottces 


anager or Works Manager. Large works 
management, pond, fren ated steel works, mines, collieries. 
First - — en er pen Mapes vogeath m. experience. 
German iron 8 wor practice, works 
ment abroad, shells, armament, and ordnance w vee 2 
—Address, D 381, Offices of Exoinerrino. 


A ssistant Engineer Manager 
omy Be wees er ts and be a4 

ex Dp repairs, boiler, plate tan 
oan: electrical oat thaws and ox ao. A welding ; 
joyed on Government work REQUIRES similar 

PO ITION. —Address, D 295, Offices of Exainrrnine. 


Civil Engineer, retired Indian 
Public Works Department, aged 46, unmarried, 
some ex nee in mining and work in British 
Colum WISHES TION in cement or 
chemical works. Salary nominal.—Address, D 382, 


Offices of Exoivkerixe. 
55), good address, 


d| (-entleman ( 
with practical technical en 


experience, oo RES SITUATION for duration of war, 
as represen ve or inspector. Scotland preferred. 
references.— D 422, Offices of Rnanennien. 




















either as PARTNER or otherwise, for the production 
of a monopoly now on the market. 

For interview, address, POCOCK & O0O., 28, 
Basinghall Street. E 0. D 402 


achine ‘l’ool EngioeerSales- 
MAN DESIRES to REPRESENT first-class 
— Good connection throughout _— Wales ; 
rt knowledge shell require ts; i 
b tely. ‘Address, D 396, 











oe ntial 
Offices of Exameerine. ae 
rn with Engineering and 

sale experience, offices in Birmingham, 
WILL REPRESENT BUSINESS HOUSE requiring 
district introductions.—Address, D 414, Offices of 
ENGINEERING. 


[ro Castings.— Advertisers 
wish to get into touch with an Iron Foundry 
in the London district willing to undertake the 
manufacture of castings for petrol motors to the 
value of about £100 per week.—Address, D 397, 
of ENGINKERING. 








ie Castings in Aluminium 

ALLOYS.—Specialty.—We make castings of the 

—_ intricate oe — and eo menos 
necessary mo iwever 

work submitted.— megs pepe DESIGNING co., 

86, Great Portland Street. W. D 399 


anted, Lancashire Boilers, 
high or low pressures.—CLARKE —_ 
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New or mediate deli uired. 


very req 
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SECRETARY, Roya A®@tnaL Co-orsrative Society, 
Lrp,, Woolwich a yh es Ree |, 
mall Electricat Ozoniser 
ene ci WANTED, for immediate use. 2° 
stating and ‘price, to PLANT, 
Ponraive & & Co., Glasgow. D 408 


WV ranted tor Karly Delivery, 


“wa aged ot New or Second-hand 

 éor THES, 

Capstan Lathes, Plain and Universal 
Shapers. 
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Planers and ’ 


NAG 
Ps eaad Mille, W 


anted, 15 to 20 tons 
Addie D HY, Oo of Racecar. 
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THE BENDING AND TORSION OF 
BEAMS OF COMMERCIAL SECTION. 


By E. G. Rrrentm, B.Sc., University College, 
Dundee. 


WHEN a beam is subjected to a torque or twisting 
moment it suffers a torsional strain of the nature 
of a shear at all sections perpendicular to the axis 
of twist, deformation being opposed in virtue of 
the torsional rigidity of the material. The shear 
stress on an element of any cross-section accom- 
panying this transverse strain is dependent upon 
the distance of the element from the axis of twist, 
the most economical section for uniform intensity 
of stress—in so far as torsion is concerned—being 
that in which the material is concentrated at the 
maximum distance from the axis of twist. 

An [-section girder, for instance, theoretically 
offers the same resistance to bending as does a 
box-girder having the same over-all dimensions, of 
the same cross-sectional area, and having top and 
bottom booms of the same thickness as the flanges 
of the I beam, but it will be readily recognised 
that the latter offers a much greater resistance to 
torsion than does the former. The weakness of 
an J-section beam is, indeed, surprising. Not only 
is such a beam much more susceptible to twist 
than one would predict from a casual observation, 
but its torsional rigidity is very much less than the 
ordinary theory of torsion indicates, as the fol- 
lowing experiments go to show. 


| DIMBNSIONS. 


E denotes the modulus of direct elasticity. 
I denotes the moment of inertia about the axis of 


Ww denstee head applied at centre of span. 
1 denotes span. 
5 denotes deflection at centre of span. 
Twisting : 
C denotes the modulus of rigidity. 
J denotes polar moment of inertia about axis of 


T denotes torque or twisting moment. 
L denotes length over which angle of twist is 


measured. 
@ denotes angle of twist in radians. 
In the following investigation, inch-pound units 
are used throughout. - oi 
Mathematical Treatment of the Subject. —(1) 
The ordinary formule relating to the elastic 
bending of beams are rigorously true, and the de- 
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TABLE I. 


Moments oF INERTIA. | Diameter 





No. Type or Bram. Thick- |Thick- 


Width. | Depth. _ ness of |ness o 
Flange.| Web. 
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|Equal Area. 





in. 
0.30 
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Channel 
Large angle .. 
\Small angle .. 
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Smalltee .. as 
Large rectangular .. 
3 |Small rectangular .. 
|Square ee ~~ 
15 |Hollow rectangular 
16 | Hollow square 
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.-| 0.872in., 1 

on 1.500 in., 1.500 in. x 0.0502 in. 
-| 1.01 in. in diameter. . ‘ 

-| 0.876 in. in diameter 


17 | Large circular 
18 | Small circular 
19 | Welded tube.. 
20 |Solid-drawn tube .. 


21 Solid-drawn oval tube 


side diameter, 1.05in. . 
diameter, 0.923 in. . 





Where a beam is subjected to both bending and 
twisting moments, the question becomes compli- 
cated, and in such a case it is necessary to take 
into account both the stresses and strains induced 
by bending and those induced by twisting. Such 
an example is afforded in the case of a bow-girder, 
which is circular in plan, and at each section of 
which both bending and twisting moments are in 
evidence. In such a case, indeed, the values of 
both bending and twisting moments at any section 
depend largely on the ratio of the moduli of 
twisting and of bending.* 

Figures quoted in engineering text-books for the 
modulus of direct elasticity of materials have been 
amply confirmed, and it is generally recognised 
that such figures can be depended upon to give 
accurate results. The modulus of rigidity, how- 
ever, varies widely even in specimens of the same 
metal, and, even if it were known accurately, its 
use in the calculation of torsional problems would 
lead—in all but the simplest cases—to errors of 
astonishing magnitude, as will be shown later. 

Very littke experimental work seems to have 
been done in this field of research, and to this 
fact the following investigation owes its existence. 
The primary object of the investigation was to 
obtain a relation between the longitudinal rigidity 
and the transverse rigidity of a beam, and deter 
mine to what extent calculation based on a know- 
ledge of the moments of inertia of the section and 
of the moduli of the material could be depended 
upon to give accurate results. 

Notation.—In the following demonstration, the 
notation used is as follows :— 

* “A Study of the Circular-Arc Bow-Girder,” by 
ie itchie. London: Constable and Co., 


.432in 0.0360 in. thick 
::] Outside diameter, 1.305 in. In- 
-| Outside diameter, 1.005 in. "Inside 
. | 0,862 in. x 1.74 in. x 0.045 in. thick. | 


in. 
3.19 
1.76 


sggees 


g 


“ao 
a= 
wee 


0.0180 
0.0702 
0.0223 
0.1085 
0.0510 
0.0288 


0.0826 


Keropeseree: 
g a 
= 
@ 





0.124 


. 0 0144 
0.1788 


0.0173 





flection of a beam under any system of loading can 
be calculated accurately by their use, except that 
deflections due to shear are not taken into account. 
In all engineering problems relating to beams, the 
deflection produced by transverse shear is so small 
as compared with the deflection produced by longi- 
tudinal flexure that tie former may be, and indeed 
usually is, neglected. 
(2) The ordinary torsional formula — namely, 
“- TL 
CJ 
already ascribed to them—is based upon the funda- 
mental supposition that transverse sections, origi- 
nally plane, remain plane under torsion. That 
this supposition is justified in the case of a circular 
section is at once apparent from the following con- 
sideration. When a bar of circular section is sub- 
jected to a twisting moment, the consequent strain 
is such that two adjacent sections perpendicular to 
the axis of twist suffer a small relative rotation 
about the axis of twist—i.e., the strain produced 
by the application of a torque—is one of pure 
shear. Where, however, the section is other than 
circular, complications arise. Transverse sections 
originally plane do not necessarily remain plane 
under torsion. Warping of the material takes 
place in planes perpendicular to the axis of 
twist. Where the torsional displacements are 
small, however, this warping can have little 
effect upon the torsional rigidity of a beam, and 
may in practice be neglected. e explanation of 
the great discrepancy that this investigation shows 
to exist between theory and practice in relation to 
the twisting of beams other than circular in section 
must then be sought for in another direction. 
St. Venant (1797-1886)'in his classical memoirs 


, where the symbols have the significance 





indicated that projecting pointe or corners in a 





beam section were a great source of inefficiency. 
His involved mathematical treatment of the subject 
cannot be given here, but a few specific examples 
will be of interest as bearing directly on the follow- 
ing imental gy The following four 
examples are cited (see Fig. 1) :— 
uare section. 

2. Square, with slightly concave sides and 
rounded corners. 

3. Square, with slightly concave sides and acute 
corners. 

4. Star-shaped section of four rounded points. 

Assuming that the value of C J is a measure of 
the torsional strength of a beam section, St. Venant 
demonstrated that 1, 2, 3, and 4 were only 0.8434, 
0.8186, 0.7783, and 0.5374 respectively as strong as 


would be anticipated from the formulaCJ = 7 © , 


In discussing the above results, St. Venant 
pointed out that the slight concavity of the sides 
of the square has more influence in diminishing 
the torsional strength of the beam (for the same 
moment of inertia) than the rounding of the 
corners has in increasing it. That me Bh the 
square has curvilinear sides slightly more concave, 
and having acute angles, the torsional strength is 
reduced from 0.8434 to 0.7783 of its theoretical 
value, the concavity being in this case about A, 
of the length of the side. This shows in an 
astonishing manner the great effect that such a 
small concavity has upon the strength of a beam 
section. The greatest discrepancy between St. 
Venant’s results and those obtained from the 
——z formula occurs in the case of section 4, 
which shows the extraordinary effect of projecting 
points in a beam section. 

St. Venant sums up the whole comparison very 
tersely when he says that prisms having for their 
bases the rounded square, the pointed square, and 
the star shape, offer only 0.867, 0.828, and 0.674 
respectively of the resistance to torsion of a prism 
having a circular base and of the same area of 
section, and therefore of an equal quantity of 
material, this notwithstanding the fact that the 
moments of inertia of their sections. are respec- 
tively 1.059, 1.063, and 1.255 times that of a cir- 
cular section of equal area. 

Despite the fact that projecting points or corners 
have a considerable influence on the magnitude of 
the moment of inertia, they are remarkably ineffi- 
cient in their effect on the torsional resistance of 
the section. Sections with projecting parts, as in 
an J-sectiun beam, employed so usefully against 
flexure, ought to be eliminated from members of 
any structure where there is any tendency to twist- 
ing. Furthermore, St. Venant demonstrated that 
in symmetrical sections other than circular the 
greatest intensity of stress occurs at that point on 
the surface which is nearest to the axis of twist, 
and vanishes at a projecting point. The stress 
intensity becomes very great at the apex of a re- 
entrant angle, and where the apex of the re-entrant 
angle coincides with the centre of gravity of the 
section, it becomes infinite. This suggests that the 
maximum intensity of stress in an I section occurs 
at the junction of the flange and web ; hence the 
necessity for a fillet of large radius. To illustrate 
further the inefficiency of isolated parts of a beam 
section, St. Venant chose an equation which gave 
him two isolated loops, as indicated in Fig. 2. 

On the assumption that this represented a beam 
section subject to torque about the origin, St. 
Venant found that its torsional strength was only 
0.0185 of its theoretical value as calculated from 
the base formula. 

The above approximates very closely to the case 
ofan I-section beam in which the metal is mostly 
concentrated in the flanges, the thickness of the ~ 
web being small. Comparison between this and 
the experimental values on I beams recorded in 
Table LI. is instructive. This analysis also suggests 
that an ordinary type of member used in structural 
work—viz., two flat bars kept apart by means of dis- 
tance-pieces— must be excessively weak in torsion. 
St. Venant also calculated the torsional strength 
of a beam section analogous to that of an ordinary - 
bulb-rail, but the writer has had no access to the 
results obtained in this case. The solution of all the 
above examples is only made ible’ because of 
the fact that the contours of the’ various sections 
are the graphical representations of definite mathe- 

ical equations, which allow of easy integration. 
The contours of ordinary commercial sections, how- 
ever, do not have mathematical continuity, and for 
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this reason do not permit of rigid mathematical 
treatment. Recourse must therefore be made to 
experimental investigation, with the object of finding 
an empirical constant, ‘by means of which the ordi- 


to the nearest minute. The other end of the beam 
was firmly clam to the head of the lathe, the 
gear being locked to prevent rotation. 

On the addition of each increment of load, scale 


nary formule may lead to more accurate results. readings were taken at both pointers. In order to 

Experimental Investigation. —In all, twenty- | eliminate the effect of friction at the centres, the 
one beam sections were , the dimen- | torque lever was elevated slightly, and allowed to 
sions, &c., of which are entered in Table I. The | descend slowly, depressed slightly, and allowed to 








hardened point was suspended from the middle 
point of the beam, and to this hanger was applied 
the load. Deflections were measured by means of 
a micrometer, fitted with a microscope which could 
be sighted on a silk fibre fixed to the beam. It 
was found possible to read deflections differin; b 

0.001 of an inch. Readings were taken for Both 
loading and unloading, and the mean deflection 



































TABLE II. 
BENDING EXPERIMENTS. TORSION EXPERIMENTS. | 
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| ee -_ ae a sos| — |J \ 31.15 0311} 100.0 
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fi, ~E | - |) - |} =-)| = | m9 \ (287.0 2.410| 119.0 
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solid a sections, the solid circular sec- rise slowly, the angle of mean position being noted. 


tions, and the welded tube were of wrought iron ; 
the others were of steel. The method of carrying 
out the torsion teste was briefly as follows :—The 
beam under test was mounted between the centres 
of a 6-ft. lathe, centre-pops being made on the ends 
of the beam, at the centre of gravity of the section, | 





Observations were made for both loading and un- 


leading, and the mean angle of twist per unit of 


load so obtained. The value, of the product of C 
and J was then found from the formula— 


. TL 
CJ= @° 


per unit-load calculated. The value of E I was 
then found from the relationship— 
wh 
EI= ee 
In order to obtain the values of the two moduli 
E and C, specimens were cut from the thickest 
part of each section and carefully turned down ta 





to receive the lathe centres. To one end of the | where the symbols have the significance already a diameter of about 0.18 in. and cut to a length of 


beam was clamped a lever, from which was sus-| ascribed te them. In each case th 
with a knife-edge and | was repeated over a span of about half the origi 


pended a hanger titted 
carrying the load. Two pointers, each 3 ft. long, 
could be clamped to the beam at any desired posi- 
tion. These pointers moved over scales, firmly | 
clamped to the bed-plate, and graduated in degrees | 
and minutes. Readings could be accurately taken | 


° tained, differ by more than 3 


e experiment 


In no case did the two values of C J, so 

per cent. The 

values of the product of E and I were found by su 
rting the beam on two massive knife-edges tirmly 
ited to the bed-plate. A hanger fitted with a 


about 9in. The values of C were then found by 
| means of a small torsion-meter, and the values of E 
_ determined by supporting the specimens on knife- 
'edges and applying a load at the middle of the 
| span. The zs a of the constants so found have 
| been tabulated in Table II. 

| (To be continued.) 
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GRINDING-MACHINES.—No. XVIII. 
By Joszrrn Horner. 

Tue subject of cam-grinding is of much present 
interest, because cams are used to such an enur- 
mous extent in internal-combustion engines. The 
war has vastly quickened the demand, notably for 
aeroplane shafts, on which it is common to have 
twenty-four cams formed integrally with the shaft. 
The extremely high rate of rotation, and the 
importance of producing the cams within very fine 
limits of inaccuracy, invests the methods of grinding 
with a special interest. 

Two methods may be employed for grinding a 
cam to its finished shape. The first is done by 
oscillating or swinging either the work or the 
wheel ; the second by a sliding movement of either 
the work or the wheel. The first is generally 
adopted for the smaller sizes of cams, and affords 
the finer pe of accuracy owing to the more sensi- 
tive control; the second is used for the larger 
sizes of cams. Both methods will be illustrated 
in this article. The grinding of the cams which 
operate the valves of internal-combustion engines 
is an interesting example of form or copy-grinding. 
In the early days the cams were keyed on their 








reduction gears, so arranged that the oscillations of 
the work-head will not interfere with the meshing 
of the The pulley-shaft is carried in the 
trunnion-bracket C, which is fixed to the vees of 
the bed by diagonal clamping-bolts, shown in 
Fig. 262. The pulley-shaft drives round to the 
oscillating work-head D through the gears a, of 
forty-nine teeth, and b, of fifty-three teeth. The 
shaft E, on which the latter is keyed, carries at its 
farther end the pinion c, of eighteen teeth, which 
drives one, d, of nineteen teeth, and this to the 
gear e, of forty-seven teeth, on the work-spindle A 
carried by the oscillating head D. The nineteen- 
toothed pinion d is an idler, running loosely on 
a shaft fixed in the oscillating head (compare with 
the plan view, Fig. 261). The gear a and the driv- 
ing-pulley B run on a sleeve which is common to 
both (see Fig. 260). 

The oscillations of the work-head are derived 
from the master-cam F. There is an eccentric- 
shaped roller-housing f, Fig. 261, carried in an arm 
contained by the front portion of the headstock or 
trunnion-bracket ©, the latter being fitted with a 
bracket to receiv2 and confine the roller-housing. 
The short shaft which passes through the roller- 
housing carries a roller g, lying in a slot in the 
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Fic. 259. Group or Cam-SHarts. 


shafts and filed singly, each for its own valve. 
Invariably now cams are made integral with their 
shafts, comprising one solid forging, with the result 
that no risk of movement from their original posi- 
tion is incurred, and a good deal of fitting is more- 
over abolished. The photograph reproduced in 
Fig. 259 shows a group of cam-shafts ground on 
Churchill machines at the works of the Moss Gear 
Company, Limited, of Birmingham. The photo- 
graph includes shafts ranging from the new 
12-cylinder 150 - horse - power super - aeroplane 
engines down to the small X-ray trench-lighting 
sets. All the shafts are for war purposes. 

The drawings, Figs. 260 to 263, reproduced on 
Plate III., illustrate one of the Churchill cam- 
grinding attachments for dealing with cams in 1 
with the shaft. This attachment is mounted either 
on one of the plain or one of the universal machines 
of this firm. e photograph, Fig. 264, also given 
on Plate III., represents a similar attachment, but 
one which is capable of grinding single or double 
combined cams up to 4 in. maximum radius. This 
view will be helpful towards the understanding of 
the drawings. 

The attachment consists of an oscillating table 
which carries a driving-head integral with it, and a 
loose head, between the centres of which the cam- 
shaft is carried. The oscillating table with its 
heads is supported in trunnion-brackets which are 
fitted and clam to the regular table of the 
machine. It swings the work towards and from 
the grinding-wheel as the cam-shaft revolves, the 
motion being controlled by a master-cam. 

The work-spindle A is rotated from the belt- 
pulley B at the left hand. It drives through speed- 





housing. The roller bears against the edge of the 
master-cam F, so that the work-spindle is compelled 
to respond to the outline of the cam mounted upon 
it, under the coercion of the roller. The weight of 
the overhanging portion of the trunnion - head 
about the roller maintains the cam and roller in 
contact. The eccentric shape is imparted to f in 
order to permit the roller-bearings to come snugly 
up toto thecam. ‘Two cam-discs F are shown (not 
yet ground to shape), one being for working the 
inlet, and the other for actuating the exhaust- 
valve. The roller is brought up against either cam b 
sliding the housing f along key-guides. The bolt 
clamps it in either position when in contact with 
the internal shoulders, Fig. 261. The entire 
mechanism of the work-head and tailstock, with 
the bed on which both are mounted, is oscillated 
to and from the grinding-wheel in response to the 
contour of the master-cam. 

The drawings show the method of driving the 
shaft which is Cote operated upon, this being done 
by a fork G attached to the division-plate H. The 
locking-pin j is pivoted, and is thrown into and out 
of its divisions, and held in the in and out itions 
by a spring plunger k having a conical end-thrust. 
The tail-stock J, Fig. 263, is of the spring type, 
with provision for adjusting the power of the 


Pre will be noticed in these illustrations of the 
oscillating attachment that although a cam-shaft 
may have any number of cams, only two master- 
cams are one each for the inlet and the 
exhaust-cams respectively. It is common practice 
now to add a third master-cam for the purpose of 
grinding the air-pump eccentric. This does not in 





any way affect the principle involved. The two, or 
master-cams, as the case may be, are always 
formed from one piece of tool-steel, gen 
hardened, and ground to the correct shape and 
with the exact angular relationship between the 
inlet and exhaust, so that no variation can possibly 
occur in use. To take care of the varying 
number of — cylinders and their respective 
cams the dividing plate forms part of the attach- 
ment and is indexed round as occasion requires. 

In the actual tice of grinding cams inte- 
gral with their ts it is customary to rough- 

ind the cams to shape from the circular blank as 

eft from the turning without any previous milling. 

This method may at first sight — to be slow 
and uneconomical, but it is, in fact, the quickest 
and by far the most efficient method of removi 
the surplus metal. This is entirely due to the hig 
rotative speed imparted to the cam-shaft during 
grinding, with resulting slight stress on the shaft, 
while in milling the cam-shaft has to be rotated 
slowly, with correspondingly increased torsional 
stress. After the cams have been roughly ground 
to shape, being left sufficiently to allow for dis- 
tortion consequent on hardening, they are hardened, 
the shaft straightened, and the bearings finish- 
ground. Afterwards the shaft is in the 

inding-machine, and the cams are finish-ground. 
in the roughing and finishing operations the cams 
nearest the driven end of the cam-shaft should be 
ground first, and those nearest the tailstock of the 
attachment last, so that any strains which may 
have been released in the shaft by the removal of 
the surplus metal are taken care of. 

To produce by hand methods a master-cam of 
large diameter from a small model is practically 
impossible, and it would entail much of cut-and-try 
methods. The actual working cams were so made 
by hand in the early days of and oil-engines. 

essrs. Churchill adopt the Slowing method of 
producing master-cams for the oscillating type of 
machine. After the correct ticulars of .« cam 
have been obtained, a model is made four times 
larger than the actual cam to be reproduced. This 
is placed on a reducing attachment, and the master- 
cam is there ground to its correct size and sha 
in the relation of 1 to 4 of the larger model. In 
this way any slight errors which may exist in the 
large model are proportionately minimised, and 
the action, once the large model has been pro- 
duced, is a purely mechanical one. The degree of 
approach to accuracy of the master-cam is thus 
increased in proportion as it minimises any in- 
accuracy which may exist in the large model. 
This method of generating master-cams from a 
model is so accurate that the error between any 
inlet-cam and its respective exhaust-cam can be 
guaranteed within } deg., or 0.0005 in. of correct 
ws measured in any direction. 

e next illustrations we will take are those of 
a Churcbill oe — of the recipro- 
cating type, the 16-in. size, this being shown by 
Figs. 265 to271,0n Plate III. A good general idea 
of its design can be gathered from the pone 
roduced in Fig. 267, while the details are clearly 
illustrated by the drawings, Figs. 268 to 271. But 
it will simplify matters if attention is first directed 
to the diagrams on the next , of which Fig. 272 
represents the operation of grinding cams, and 
Fig. 273 that of grinding the master-cams. Refer- 
ence may also’be made to the skeleton drawing of 
the machine, Figs. 273 and 274, on Plate III., used 
for erection a. We can afterwards follow 
these out on the drawings of the assembled machine 
in Figs. 268 to 271. 

Fig. 272 shows the equipment used for grinding 
an engine-cam from a master-cam. Fig. 3 illus- 
trates the grinding of a master-cam from a model. 
It will be observed that each process is a reversal 
of the other. In Fig. 272 the master-cam is under 
the control ofa roller. In Fig. 273 the place of the 
roller is taken by a grinding-wheel of the same size 
as the roller, while the ony of the grinding-wheel 
in Fig. 272 is taken in Fig. 273 by a roller of the 
same size as the wheel, which roller is maintained 
in contact with the model. The master-cam in 
Fig. 272 is —_ in contact with the roller by a 
weight (Fig. 267) pulling in the direction of the 
arrow. The roller in Fig. 273 is maintained in 
contact with the model by the same weight pulling 
in the opposite direction. 

The method of mounting the cam to be ground, 
and its respective master-cam, is seen in the sec- 
tional view, Fig. 274. The arbor which carries both 
cams is shown in detail, It is itself carried on a 
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conical arbor, mounted in the spindle-nose of the 
work-head and held by a draw-bolt. It is advisable 
to provide a work-arbor for every different shape 
of cam intended to be ground onthe machine. Also 
the master-cam should be permanently mounted on 
each respective work-arbor and marked with its 
respective symbol, or identification mark. This 
system is adopted in order to eliminate as far as 

ible errors which arise from mounting cams 
incorrectly, and it ensures that the engine-cams 
will be ground in correct relation to the keyway. 
The keyway in the work-arbor must, of course, be 
in its correct relation to the master-cam. Small 
cams in which the bore is too small to be carried 
on'a-cast-iron intermediate work-arbor have to be 
carried directly on an arbor mounted in the spindle- 


nose. 

The headstock which carries the cam-spindle has 
a straight-line motion only, and is in the same plane 
as the wheel-head spindle. Once a correct master- 
cam has been generated, no variation in the shape 
of the ground cam, as given by the master-cam, can 
occur except by the development of variations in 
the diameter of the grinding-wheel due to wear. 


/'tg.272. GRINDING ENGINE CAM. 








For the machine now being dealt with, the 
diameter of a new wheel is 16 in., and experi- 
ence has shown that it can be used down to 14-in. 
diameter before the error in the cam becomes 
greater than permissible. But for the roughing- 
out, wheels much smaller can be used, because the 
effect of a small wheel is to leave an excess of 
metal on the rise-and-fall portions of the cam ; an 
error which is easily remedied when finishing, by 
using the correct wheel. The diameter of the 
grinding-wheel used is dependent on the diameter 
of the roller employed when developing and grind- 
ing a master-cam (Figs. 272 and O73), af cams are 
required with hollow sides, it naturally follows 
that the side of the largest roll that can be used is 
fixed by the radius of the hollow sides of the cam. 
The standard diameter of the master-cam intended 
to be used on the machine is 16 in., taken on the 
base or circular portion, and the diameter of the 
roller working against this cam is 3 in. 

The essential action of the cam-grinding machine 
may now be gathered from the erection drawings 
(Figs. 265 and 266), in which the same references 
occur as on the detailed assembly drawings (Figs. 
268 to 271). Assuming that the master-cam has 
been ground and that the machine is engaged on 
grinding cams, the chain of the weight W must be 
so placed on the disc Q that its effect is to draw the 
cam-spindle headstock directly on to the roller U 
in the bracket (compare with Fig. 270). The cam 
to be ground is carried on the work-arbor. The 
operation of grinding then proceeds in the ordinary 
way, by means of the automatic feed imparted to 
the lower slide of the work-head A (compare with 
Fig. 268). The grinding-wheel headstock is caused 
to oscillate across the face of the cam being ground 
by means of the crank T driven through the worm- 
gear and vertical shaft shown by the fast pulley D, 
which is started and stopped by the handle R. 

These operations being clvuar, the operation of 
grinding master-cams is the exact reverse. The 
aimaoon wheel on the main wheel-spindle is 
removed, and a roller (supplied with the machine 
and of the same diameter as the grinding-wheel, 
as eye in connection with Fig. 273) is mounted 
on the spindle. The action of the weight W in 
Fig. 265 is then reversed on the chain-pulley Q, 
in order to cause the cam-spindle headstock to be 
forced against the grinding-wheel spindle, so that 
the roller mounted on the wheel-spindle comes 
into contact with the model cam mounted on the 


work-arbor in the cam-spindle. The roller U in! 











the bracket is then removed, and a small grinding- 
wheel spindle is i and driven from th 
pulley X on the counter-shaft. When grindi 
master-cams in the way described, the feed to the 
grinding-wheel is obtained through the slides of A, 
it being imparted by the automatic feed of the 
machine in exactly the same way and in the same 
direction as when grinding engine-cams. 

The assembly drawings may now be taken of the 
16-in. machine-—that is, one which is capable of 
grinding cams up to 8 in. radius. It is shown in 
front elevation, Fig. 268, and end view, Fig. 270, 
taken at the left-hand end. Its two main elements 
are the work-head A, driven from a four-stepped 
belt-cone B (compare with Fig. 266) with a 1}-in. 
belt from the counter-shaft, and the grinding-wheel 
head ©, which is driven by a 3-in. belt from the 
counter-shaft to a two-stepped pulley on the head. 
The work-head is fed micrometrically in a hori- 
zontal line towards the wheel. he latter is 
traversed past the cam, which it grinds ; primarily 
from a 14-in. belt from the counter-shaft, Fig. 266, 
to fast and loose pulleys D, thence through gears 
and the connecting-rod T described later. We 
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spring plunger b which presses an abutment-piece on 
e stop c, which is adjustable along the bar O, on 
which it is clamped. The effect is to move the 
quadrant d through an arc, and from it to the lever 
e, to the other end of which a pawl is hinged. 
This engages with the teeth of a ratchet-wheel 
that forms a portion of the feed-disc P and hand- 
wheel at the front of the machine, Fig. 270. The 
amount of the feed is set at.sight by gradua- 
tions on the quadrant d, to which the lever e is set 
and clamped. Graduations are made on the hand- 
wheel to thousandths of an inch, and the ratchet has 
four teeth to each graduation on the hand-wheel. 
Each tooth on the ratchet therefore feeds to one 
four - thousandth of an inch (0.00025 in.). The 
small index-wheel, seen on. the face of the hand- 
| wheel in Fig. 267, carries an indicator, which, 
| when moved a given number of spaces. forwards 
(or backwards, traverses a trip-cam round a corre- 
|sponding number of teeth on the ratchet-wheel, 
and disengages the feed at a predetermined stage 
of reduction. The feeds are transmitted through 
spur-gears f and g, of 22 and 56 teeth, to a worm- 
shaft h, the worm of which drives a worm-wheel k 
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will now trace out the details, commencing with 
the work-head. 

The four-stepped belt-cone B, deriving four 
speeds from the counter-shaft, is clutched to the 
pulley E, which drives to the work-head A through 
the medium of a sleeve with its fork F, and its 
series of levers terminating with G, the latter being 
located at the front, close to the feed-dise. As the 
work-head A occupies different positions along its 
slide, the driving-belt coming from the pulley E is 
tightened by a binder-pulley H on its way to the 
driving-pulley J on the head. The binder-pulley 
is carried on an arm that swings around the centre 
of the driving-pulley J, and the arm is set and 
clamped in aquadrant K. From the pulley J the 
drive to the work-arbor takes place at a greatly 
reduced speed through a train of gears, shown in 

lan in Fig. 271, which gears are encased in a hood. 

e position of the last gear L, of 100 teeth, is 
seen in the front and end elevations. It occupies 
(Fig. 268) the rear end of the spindle, the other 
end of which carries the cam to be ground and the 
master-cam M, as shown in section in Fig. 274. 

The work-head A slides on a flat and a Yd 
edge on the base, with a gib, as seen in Fig. 268. It 
is fed micrometrically by the firm’s standard feed 
equipment, which is slightly modified in order to 
suit the particular movement. At each revolution 
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and spur-pinion / that engages with a rack m 
beneath the work-head. 

The disc Q, Fig. 268(compare with Figs. 265 and 
266), is, as already stated, an attachment for the 
chain which carries the weight W that pulls the 
— head over and maintains contact with the 
roller. 

The grinding-wheel head and the method by 
which it is driven are seen in Fig. 268. The fast 
and loose pulleys D are driven by a 1}-in. belt 
from the counter-shaft, Fig. 266. The belt-shifter 
R is moved by a hand-lever. The pulley-shaft 
carries a worm n which drives a wheel o (see the 
plan detail, Fig. 269). The wheel-shaft carries a 
disc S at its upper end with a screw p and nut g, 
the latter with a stud which drives a connecting- 
rod T, the other end of which, being attached to 
the lower face of the wheel-slide, reciprocates it, 
traversing it past the work that is being ground. 
The screw p provides the means for the adjust- 
ment of the length of stroke. The longitudinal 
position of the wheel relatively to the work is 
adjustable with a pinion r and rack s, the hand- 
wheel operating which is seen in the photograph, 
Fig. 267, and at V in Fig. 266. 





HypgraBaD.—A fine new station in the Indian Sara- 
cenic style, designed by Mr. Vincent J. Esch, is being 
erected at Hyderabad for the Lroad-gauge Secunderabad 
and Gadaj Railway. e work is now well in hand, 
under the direction of Mr. A. G. Pears, engineer-in-chief 
of the Nizam’s Guaranteed State Railway. The site of 
the new station is several miles from the present building, 
and it is nearer the river and on higher ground. The 
new station is 264 ft. long i ft. wide, and the main 
entrance is in the centre. Two sets of waiting-rooms 
have been provided for passengers who have to spend 
several hoursat the station. Designs have been prepared 
for a similar station at Secunderabad. 

InpDIAN IRRIGATION.—The Upper Jhelum Canal has 
been officially inaugurated at Mangla by the Viceroy of 
India. The first nineteen miles of the canal are situated 
in the ir territory, and his Highness the Maharaja 
of Kashmir gave all the land required for the works 
within his territories free of cost. The cans! will be 
beneficial to the State, as some 6000 acres will be annu- 
ally irrigated from distribution channels which the 
Kashmir Durbar is now constructing. The canal was 
designed by Sir J. Benton, and Messrs. Mullaly, Bennett 
and Purves were also concerned as engineers. The in- 
auguration of the canal was effected by the Viceroy 
raising one of the sluices. The Viceroy was presented 
with a souvenir of the occasion in the form of a bowl with 
lecal canals em in relief upon it—in front the 





of the work-spindle N, a pin a, Fig. 270, strikes a| 


Upper Jhelum, and on the back the Lower Bari and the 
Upper Chenab. 
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ELECTRIFICATION OF THE MANCHESTER TO BURY 
(For Description, see Page 55.) 
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Fig. 24. 
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Fig. 25 
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SieEpgrs ror Inp1AN Ratiways.—Nearly 2000 sleepers | 


are required for every mile of broad-gauge Indian railway, 
and as the life of a eo gel is — — 
ears, a great quantity of tim is requi annually 
> the Indian lines. One of the best timbers now 
d for sleepers is the Himalayan cypress, or deodar, 
which ws at elevations of from 6000 ft. to 9000 ft., 
along the valleys of the rivers in the north-west Hima- 
layas. The deodar is of comparatively slow growth, 
but it is long-lived. It takes at least 120 years to reach 
maturity, and in - ie forests trees 800 or 900 years 
old are to be found. It sometimes attains a height of 
200 ft., with a girth of over 30 ft., but such trees are rare. 
The d forests of the Punjaub and the United Pro- 
vinces are the most important with which the Indian 
Forest Department deals. Until recently the Forest 
Department worked out itself all the timber derived 
from its forests; but now in most localities a forest 
officer simply marks the trees to be felled, and these 





are sold to a contractor. It requires careful and skilful 


| management successfully to fell the deodar, as it grows 
at ten to twelve | 


in precipitous countries, and if not felled properly it 
dashes down the hillside, and by the time it reaches the 
nullah below there is little left but a mass of match- 
wood. The tree having been felled, it is log into 
10-ft. lengths, then squared with an axe, and fi sawn 
into sleepers. Sawing is a slow process, as it is all done 
by hand. The deodar forests are found along the valleys 
of most of the rivers of Upper India, but the majority of 
them are high up on the slopes of the small side nullahs, 
and at a considerable distance from the main stream, by 
which they are ultimately conveyed to their destination. 
The first s in the devel ent of sleepers is to 
carry them down from the forests to the banks of 
the nearest stream, which is sometimes as much as 
10 miles away. This is the hardest part of the work. 
Subsequently the sleepers are worked down the side 
streams to the main river. 





SECTION; L. AND Y. RAILWAY. 








Fic. 27. Ow-Swrrewzs. 


Tue New Licutina ReavutaTions Por MoTorists.— 
The Automobile Association and Motor Union has 
arran for the manufacture of a special type of lamp- 
disc for use by motorists when entering the areas where 
the new Order, which came into operation on the 10th 
inst., renders the use of such discs compulsory. Members 
who require these discs should immediately communicate 
gates the diameter of the front glass) with the Secretary, 

anum House, Whitcomb-street, London, W.O. 





Swiss ten alll | a a —, three imi- 
portant new lines have been completed—viz , & great 
tunnel with a under she Mont d'Or between 
Frasne and Vallorbe; secondly, the Moutier and 
amanaee Tine, wae opgrosiebly abri the running dis- 
tance, Parisand Berne ; and, thirdly, the Hauen- 
stein tunnel on a line from Basle to Lucerne. The first 
line is 15 miles, the second 84 miles, and the third 5 miles 
in length. Each of the three lines has involved the con- 
struction of an im tunnel, the first extending over 
3} miles, the second 5} miles, and the third 5 miles, 








54 


ENGINEERING. 


[JAN. 21, 1916. 








INDUSTRIAL NOTES. 


THE outstanding feature of the labour market in the 
ear 1915, says the Director of the Department of 

bour Statistics, was the shortage of ey a 
which became more and more pronounced as the year 
advanced, and was very acute at its close, owing to 
the active recruiting campaign that took place in the 
autumn and early winter. A few industries, includi 
some of importance, such as the building trades 
some branches of the clothing trades, were relative] 
quiet, though even in these the staffs of workpeople 
were so much depleted that there was very little 
unemployment, and, as a rule, only a small amount of 
short time. In the large majority of trades, however, 
the great difficulty was —— of labour, which was 
met to some extent by the working of overtime. 

The shortage would have bsen even more severely felt 
but for the transfer of workpeople from one industry 
to another, the ‘‘dilution” of skilled by semi-skilled 
and unskilled labour, and by the greater employment 
of women and girls, partly on classes of work former] 
shared between males and females, and partly on wor 
hitherto performed exclusively by men and boys. 
Speaking generally, it may be said that the growing 


sho of male labour can only be met by a very 
much larger influx of women into industry than has 
yet taken place. 

From the commencement of the war until the end of 
1914 there had been comparatively little o in 
rates of wages generally. At the beginning of 1915, 
however, the increasing shortage of labour, together 


with a rise in the cost of food and clothing, led to a 
demand for higher wages, and in February, 1915, a 
sharp upward movement began, largely in the form of 
war bonuses or of special advances in rates limited to 
the period of the war. In the main the industries 
primarily affected were those directly concerned with 
the manufacture of munitions or With the transport of 
troops and supplies—e.g., engineering and shipbuild- 
ing, railway service, dock r, and carting ; but 
the movement oy spread to nearly all the 
important industries, and by the end of the year the 
aggregate effect on weekly wages of all the war 
bonuses and increases in rates of wages which had 
been granted far exceeded that recorded by the depart- 
ment in any previous year. Concurrently the general 
level of wages was raised by transfers of labour to 
munition and other factories specially concerned with 
war requirements. 


At the beginning of 1915 retail prices of food were | th 


about 18 per cent. above the normal prices of July, 
1914, the month before the war. On January 1, 1916, 
the corresponding increase was 45 per cent. The 
months during which the greatest increases occurred 
were January, May and September. The January 
advance was largely due to the increases in the prices 
of bread and flour, that of May to the advance in 
meat prices, and that of September to the increases 
in the amount of duty on tea and sugar. In addition 
to the rise in food prices, there was also a substantial 
increase in the retail prices of boots and clothing, 
particularly in the second half of 1915. On the other 
hand, the increase in the prices of fuel, light, and 
other items of domestic expenditure was not s0 
marked, and, except in a few places, mostly in muni- 
tion areas, rents remained practically unchanged. 

As regards wholesale prices, it is interesting to 
note that the index number for 1915 was below that of 
1872-4, the years immediately following the Franco- 
Prussian War. 





The number of disputes beginning in the past year 
(674) was less than was the case in any of the four 
previous years, and the totals of the number of work- 
people involved (445,936) and te duration 
(2,969,700 working days) were less those for any 
of the five p ing years. In each case the figure 
for 1915 was below the average for the nine p ing 
years, the gate duration of the disputes in pro- 
gress during the year being less than one-third of this 
average. 

Measured by aggregate duration, all the groups of 
trades, with the exception of the transport group, 
were less affected by disputes than in the previous 
year, this being most marked in the building, engi- 
neering, and other metal groups. The high ees 
for the coal-mining industry—77 disputes, involving 
296,064 workpeople, as inst ‘58 disputes, involving 
271,242 workpeople, in 1914—are entirely due to the 
strikes in the South Wales coal-field, which began in 
July and August, following on the breakdown of 
negotiations for a new wages agreement. In the first 
of these some ,000 miners were involved, and in 
the second 32,000; and the te duration for 
the two disputes amounted to nearly 1,400,000 days, 
about half the respective totals for the year for all 
trades. About one-half (110,000 working days) of the 
total aggregate du:ation of disputes in the engineerin 
trades is account’d for by the strike of nearl 
engineers on the Clyde, which occurred in February 
pen March, and arose on a demand for an advance in 
wages of 2d. per hour. Nearly one-third (110,000 





working days) of the te duration in the textile 
group is due to the strike of 1200 weavers near Burn- 
y for the payment of standard list prices, which 
began on August 25, and is still unset 
At the end of the year only thirteen disputes, in- 
volving 3300 workpeople, were in progress. 


The report for December last, issued by the 
United Pattern-Makers’ Association, states that trade 
afforded some indication of slackening off, the number 
of members signing the Association’s vacant- books 
showing a slight increase. The total was still a 
negligible quantity, but several branch returns 
showed trade as being dull or declining, and it would 
seem as if the falling-off was due to something more 
than a tem and unimportant sbuflling of 
employment between one shop and another. e 
was still exceedingly good on the North-East Coast, 
and almost as good throughout the Clyde district, 
although for the moment more membe's were out of 
employment than was usually the case in that centre. 
The majority of the unemployed members were located 
in the inland districts, Manchester being about the 
worst off in this respect. Fifty-two branches reported 
having 413 members employed at occupations other 
than ——— , owing to the requirements of 
the Government. There appeared to be no reason 
why that number should not be raised to four figures. 
The Minister of Munitions had declared that he must 
have 60,000 skilled men to man his Government fac- 
tories and supply the deficiency in controlled estab- 
lishments. The Association hel deundy roved that 
its members could supply a proportion of that short- 
age by releasing mechanics who were at present 
engaged as markers-off, viewers, gaugers, and the 
like, whilst there were plenty of members who were 
competent millwrights, and could even do fitting and 
turning, whilst the shortage in the pattern-making 
trade could easily be met by placing the remainder on 
overtime. This, however, was a local question which 
could only be met locally ; the suggestion was thrown 
out, not only with a view to the absorption of the 
unemployed members, but as a part remedy for the 
present shortage of skilled men, which seemed likely 
to cause the Government considerable difficulty in the 
near future. 








The yee for January of the Steam-Engine Makers’ 
Society shows the membership to be 18,500, whilst 
the capital is 155,000/., and the number of unemployed 
ree. 





“On looking through one of the Stock Exchange re- 
ference-books,” says Mr. F. G. Hatch in a paper read 
before the Junior Institution of Engineers, on the 
10th inst., ‘details of a number of companies of general 
and electrical engineers were found, from which it 
was possible to get some indication as to their earn- 
ings. The number of firms mentioned was thirty- 
eight, excluding steel and iron works, shipbuilding 
yards, and armament works. It included well-known 
firms, making, among other things :—Water-tube 
boilers ; electrical plant of every description; agri- 
cultural pow gem Ob gas and oil-engines ; electric 
tramway and railway plant; mining machinery ; 
printing machinery ; textile machinery, &c. ; locomo- 
tives. The total capital of the thirty-eight firms 
amounted to 21,000,000/. in round figures. Over the 
period of nine years the following average dividends 
were paid by these thirty-eight firms :— 


1 averaged 19.6 per cent. 
2 averaged over 15 ae 
: ws o = a and under 15 per cent. 
2 ” ” 9 ” ” ” 10 ” 
3 ” ” 8 ” ” ” 9 ” 
2 ” ” 7 ” ” ” 8 ” 
3 ” ed 6 ” ” ” 7 ” 
10 ” ” 5 ” ” ” 6 ” 
4 ” ” 4 ” ” %° 5 ” 
3 ” ” 3 ” ” ” 4 ” 
3 ” ” 2 ” ” ” 3 had 
1 - 2 


” 1 ” ” ” 
1 averaged under 1 »» 
2 paid no dividends. 

**The period taken was the year 1913 and the eight 
years preceding. From the above figures it may be 
taken that between 5 and 6 per cent. represents the 
average return upon capital invested in general engi- 
neering. 

**Can these results be called satisfactory’ If there 
were security of capital in the same way that there 
is in Consols and other trustee stock—yes. Without 
this seourity—and a glance at the lower portion of 
the table will show that there is not this security— 
then the answer must be in the negative.” 





According to recent official statistics there were in 
Denmark last year 156,000 organised skilled hands— 
an increase of about 66,000 in the course of ten years. 
Of the above total, 121,000 belonged to the central 
organisation—the Co-Operating Trade Unions. 

‘* We have heard a great deal,” says a writer in the 
Iron Trade Review, Cleveland, Ohio, ‘‘ about the pos- 





sibilities of cheap production in Europe, a production 
spurred on by the goad of debt and the ambition to 
recover lost markets and prestige. Against this must 
be set off the probability that the ranks of expert 
machine-tool operators will be seriously depleted, not 
only by death and wounds in battle, fur a great pro- 
portion of these workers to-day are behind the lines 
supplying munitions, but by the inevitable redistribu- 
tion of labour into depopulated fields, such as that of 

iculture, for instance. It is the peasant soldier 
whose ranks have been the most seriously thinned. 
Machinists will be tempted away from their vocation 
by more attractive opportunities in lines which, need- 
ing workers more seriously, willoffer better prospecte. 
In spite of national poverty, there will be a tendency 
to higher wages in specialised lines. Here American 
supremacy in machine-tool development will have its 
innings. Against European industry, which, gene- 
rally — requires an individual skilled operator 
to each machine, we may summon up our automatic 
methods, in which one man handles from two to & 
dczen tools.” 





EXCESS PROFITS DUTY UNDER THE 
FINANCE ACT (No. 2), 1915. 

Tue Machinery Users’ Association (Incorporated) 
have issued the following explanations of the incidence 
of Excess Profits Duty, dealing particularly with those 
points which appear for the moment to give difficulty 
to persons interested in this duty :— 


1. The duty is 50 per cent. of the amount by which 
the profits during the ‘‘accounting period” exceeded by 
more than 200/. the ‘‘standard of pre-war profit.” 

2. The “accounting period” is any account year which 
ended after August 4, 1914, and before July 1, 1915. 

N.B.—Accounts ending on and after July 1, 1915, will 
presumably be dealt with in future Budgets. The question 
of *‘ account year ” has given difficulty to many ns, 
but it should be remembered in dealing with this duty 
that it is retrospective, and only deals with liabilities 
which have occurred up to July 1, 1915. Those whose 
account years end between July 1 and August 4 are 
not interested in the present return. The next Budget 
dealing with this tax will presumably be for the twelve 
months ending June 30, 1916. 

3. The “‘ pre-war standard” is :— 

(a) The average profit of any two of the last three pre- 


war years. 

(b) If any special circumstances have adversely affected 
the last three pre-war trade years, four of the last six pre- 
war trade years may be substituted. Adverse affectation 
means that the average profits during the three pre-war 
years has been at least 25 per cent. less than the pre- 
ceding three years. 

(c) If the average profits are less than the “ per- 
centage standard,” the following percentage ct the 
capital employed may be substituted :—6 per cent. in the 
case of a trade or business carried on or owned by a com- 
pany or other body corporate ; 7 per cent. in any other 
trade or business. 

4. Increase of capital which has been made during the 
‘* war profit” year is to be accounted for by deducting 
from the war profits the statutory percentage per annum 
on the amount by which the capital has been in b 
This principle also applies to capital not fully used during 
the three pre-war years. 

5. In arriving at the excess profit, the same rules are 
followed as those for ascertaining the profits for income 
tax, Schedule D; but the following adjustments are neces- 
sary :—There should be added back the following items : 
interest on loans for purpose of trade, rents and 
royalties, and such like expenses. 

-B.—This adjustment is necessary, as what is desired 
is a comparison and the ascertainment of what are the 
“excess profits,” and it is possible t the interest on 
loans and overdrafts for the yp of earning the war 
profits considerably exceed the charges incurred during 
— years, and therefore due allowance should be 


e. 

6. On application by the taxpayers, the Commissioners 
have power to take into account and ify the an 
visions which apply to the computation of profits, where 
the following special circumstances arise and warrant such 
modification :— 

(a) Owing to a change in the constitution of a partner- 


ip. 

(6) The postponement or suspension, as a consequence 
of the t war, of renewals or repairs. 

(c) Exceptional depression or obsolescence of assets em- 
a in the trade or business due to the t war. 

(d) The necessity in connection with the war of pro- 
viding plant which will not be required for the pur- 
poses of the trade after the war. ‘ 

(e) Any other special circumstances to meet the parti- 
cular case. 

7. An appointed Board of Referees has power to 
increase the ‘“‘ statutory percentages.” This refers to 

i) Sknanmunbel exited onataped is ennll evieg 

a amount 0! emplo is owing 
the i ps nen are of the trade. 

(6) Where capital is employed for the manufacture of 
war material, or for munition work, which could not 
be expected to be remunerative except in time of war. 

8. Itis noted that the deductions for wear and tear 
and renewals follow the rules provided under the Income- 


Tax Act. 
It would ap) that the intention is not to interfere 
with the rules governing allowance for ‘*‘ wear and 


tear,” but that neglected repairs and renewals owing to 
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is would take the form of an increased allowance for 
expenses before the profits are arrived at, and the profit 
thus arrived at would then be subject to the usual allow- 
ances for wear and tear. 

9. The definition of *‘ capital” will, no doubt, give 
rise to considerable dispute, but the meaning of the 
definition attached to the Act would a to confine 
capital to something for which cash has paid, or for 
assets which are material and tangible and which were 
necessary to earn the profits under review. Briefly, capital 
consists of the following :— 

(a) The price at which the assets were acquired, less 
wear and tear, or unpaid charges. 

(b) Debts due to the trade. 

(c) Profits employed in the business. 

(d) If the assets have been paid for otherwise than in 
cash, the price is the consideration at the time the asset 
was — > 
(c) Where a trade or business has been converted into 
a company, and the shares wholly or mainly held by the 
person ‘7ho was the owner, no value is to be attached to 
these shares so far as they are represented by goodwill 
or any other items which are not material assets of the 
company. Patents and secret processes are deemed to 
be material assets. 

N.B.—The intention is obviously to avoid the inclusion 
of watered capital. 

10. Some question has been raised as to directors’ fees, 
which must not exceed the sums allowed in the last pre- 
war trade year, but the Commissioners have power under 
special circumstances to direct otherwise. 

It is presumably nod the intention of the Revenue to 
entirely deprive managing directors of the additional fees 
which they may have earned during the war period. 

This proviso has apparently been made with the inten- 
tion of guarding against undue allowances being made to 
managers and managing directors. 

11. In arriving at the profit no deduction is to be made 
for income-tax or excess duty. Any charges for income- 
tax (Schedule D) on excess profits is to be adjusted in 
assessing under Schedule D, and if this is im ticable 
when assessing this tax, the amount at which the income- 
tax would have been reduced can be deducted from the 
amount payable for excess profits duty. 

In other words, the question of paying income-tax on 
excess profits duty is a matter for adjustment after the 
excess t has ascertained. 

12. tion 44, sub-section 2, provides that “* it shall be 
the duty of every person chargeable to excess profits 
duty to give notice that he is c ble to the Com- 
missioners of Inland Revenue before January 31, 1916.” 

This is an amendment of the Bill which gave Decem- 
a tH aa be bli the of 

N.B.—There appears to be no obligation on part 
the Inland Revenue to send out any special notice. A 
general notice has been issued in the Press to the effect 
that persons chargeable should notify the Commissioners 
of Inland Revenue, Somerset House, W.C., or advise 
their Local Surveyor of Taxes. 

The following formal notice should suffice :— 

** Excess Prorits Duty. 

“We to inform you, in accordance with Section 44 
(2) of the Finance (No. 2) Act, 1915, that it is possible 
on investigation our accounts for the accounting period 
in question may reveal liability to the above duty.” 

CoNTROLLED ESTABLISHMENTS. 


It would appear from the Act that the excess profits 
of these establishments are liable to duty. 





Tue INsTITUTION OF ELECTRICAL ENGINEERS AND ALIEN 
Enemizs.—The Council of the Institution of Electrical 
Engineers have the following resolution :—‘* The 
Council are of opinion that Clause 41 of the Articles of 
Association o— sufficient means for the expulsion 
of undesirable persons (whether alien enemies or not) 
from the Institution consistently with making the 
thorough investigation of the circumstances of each case, 
which is essential in order to avoid the risk of doing 
grave injustice to individuals.” The Council have also 
under consideration the question whether the Institution 
should obtain further powers for the expulsion of alien 
enemies. 





Business IN ENGINRERING.—In the course of an inte- 
resting paper under the above title, which he read before 
the Junior Institution of Engineers on the 10th inst., Mr. 
F. G. Hatch stated that engineering, as we know it to-day, 
could not exist without its commercial side. The young 
engineer too often thinks that all engineering matters 
should be regarded as haviug only technical interest, and 
that commercial considerations are beneath the notice of 
the engineer. Abstract science is of very little value to 
the everyday world until it has been commercialised in 
some form or another. Of what value to the world at large 


would Stephenson’s invention of the locomotive have been | balance 


if, after he had made his first engine, it had been 
in papers, examined by learned 


a essors, looked upon as 
an interesting no ‘ 
to mankind became ~< 


wed to rust? Its value 


possibilities of his work, but if his invention had not stood 

the commercial test in addition to the practical working 

per we should not have had the railway as we do have it 
-day. 


bed | alternators and the 





AND YORKSHIRE RAILWAY. 


(Continued from page 30.) 

At the end of the station are arranged stores, offices 
and switchboard platform. The stores are alongside the 
main entrance on the basement floor, and immediately 
above them on the turbine-room floor are the 
a the couaing = Prag Eng — = 
are on a gallery above the offices, overlooki 
turbine-room, and the control-wire is accommodated in 
the cable-room between the ceiling of the offices and the 
switchboard gallery. 

The arrangement of the switchboards on the control 
platform isshown in Fig. 23, on page 53. There are three 
separate boards :— 

1. The main control- board for operating the main 
— — o> an 

’ volt alternating -current board operating the 
station auxiliaries. mi ~—e 
_ 3. Direct-current board controlling the control-circuits, 
lighting, cranes and stand-by battery for the control- 
circui’ 

Switch-Gear.—The switch-gear, manufactured by the 
British Thomson Houston Company, is of the solenoid- 
operated remote-control t © main switch-gear is 
housed in a separate building, access to which is obtained 
by a foot-bridge from the turbine-room floor. The 
switch-house consists of a four-storey building, on the 
ground floor of which is housed the ae, Sates 
of seventy cells. The first floor is the cable-room, the 
second floor the switch-room, and the third floor 
bus-bar room. 

A cross-section and a partelevation of the switch-house 
are shown in Figs. 24 and 25 respectively, on page 53. 
The control-board on the gallery consists of thirteen 
peat. on which are mounted the necessary equipment 

or controlling the main switch-gear for the two -kw. 

generator equipments, wiih two blank panels for future 
extensions ; five 300-kw. f.eder equipments, two 250-kw. 
transformer equipments, one test feeder equipment, and 
one synchronising equipment. 

The 440-volt three-phase switchboard consists of five 
panels, on which are mounted hand-operated oil-switches 
and the necessary gear for controlling two 250-kw. trans- 
former equipments, one 500-kw. generator, two rotary 
converter equipments, and two feeder-panels. The 
direct-current board consists of five panels, two controlling 
the direct-current side of the rotary converters, one the 
125-volt battery, and two feeder-panels for the main 
control, lighting, and crane motors. 

The main switch 
age Wk, coal pions Ling sqpesant Gaoughens oi 

q ing se out wi 

iers of the same material. The bus-bars with the bus- 

bar isolating-switches are placed on the floor above the 

switch-room, the cell construction being of a similar char- 

acter to the above. The fronts of the cells.are covered by 

ex led-metal sliding-screens, these screens being inter- 

| with isolating-switches, so that it is impossible to 

open out any cell until the isolating-switches controlling 

apparatus in that cell have been opened. The cells 

containing the oil-switches, which are shown in Fig. 27, 
have metal di which are not interlocked. 

The main cables are suspended from the foot-bridge 
which gives access to the switch-room, and enter the 
cable-room immediately beneath the switch-room, being 
taken up to their respective cells as required. The out- 
going feeders are carried from their respective cells and 
supported ee from the ceiling, passing through 
the wall of the switch-house, by means of leading-in tubes, 
“Etieleeuie and so arranged th 

) are in duplicate, 80 that any 
machine, or any set of feeders, can be connected to either 
set of bus-bars; but no machine, or no icular set of 
feeders, can be connected to both sets of bars at the same 
time, the isolating-switches for the bus-bars being inter- 
locked to prevent this. By this means one set of bus-bars 
can be used for ee ve Se the other at the 
same time can be utili or test purposes. 

The order of the cells is exactly the same as that of the 
control switchboard. The main oil-switches are operated 
by means of “pull-type” switches on the control-board, 
which energise relay switches mounted on the oil-switch. 
The use of relays is doné in order to restrict the size of 
the cable required between the control-board and the 
switch-gear. An indication of the position of the switch 
is given by red and green Jamps, which are placed 
vertically above and below the “‘ pull-type” switch. The 


controlling-switch for the lamps is operated by the move- | i 


ment of the oil-switch itself. The voltage of the control- 
current is 125. A throw-over switch is vided on the 
synchronising panel, by means of which an e' y 
excitation can be ht into operation the 
exciters fail. This excitation current is regulated by 
means of a a is mounted immediately 
behind this panel. ith the switch-gear a system of 
protective gear has been provided for the turbo- 
station transformers. This is 

by means of current transformers and relays. S ms 
fault occur between phases, or between any phase and 
earth, these relays operate and trip the main oil-switch. 
In addition, automatic field-swi are provided for 
the turbo-alternators. These open the field circuit auto- 
matically when an internal fault occurs in the turbo- 
alternator, which os Se ome ae quaee Se. p> 
tective gear and trips the main oil-switch. _ ; 

In normal running, the station auxiliaries will be 
worked 6 two station transformers of 250 kw. each, 
manufactu 
Heyes, converting from 6600 to 440 volts, three-phase, 


-gear in the switch-house is contained | Th 
moul: 


by the British Transformer Company, of | 15 





night time, the auxiliary set can be 
run alone, and the voltage raised through the same 
transformers to 6600 for transmission to the various 
stations or yards. The direct current at 125 volts 
is obtained by means of two rotary converters operatin 
through transformers from the 440-volt supply. Each o 
these converters bas a capacity of 50 kw., and they were 
made by the British Westinghouse Company. They are 
used in conjunction with a 70-cell ~~}. by the 
Chloride Electrical Storage Company, of Clifton Junc- 
tion) and a small booster. All drai from the station 
is treated by a ey = at some distance 
from the bui ing. ter treatment the drainage is dealt 
with by means of a vertical-spindle ‘‘Sunturto” pump, 
manufactured by Messrs. Peter Pilkington, Limited, of 
Bamber Bridge, near Preston. This pump is capable of 
dealing with 80,000 gallons of water per hour, against a 
total head of 32 ft., when running at a speed of 715 revo- 
lutions per minute, and is driven through vertical shafting 
by a four- 20-horse-power three-phase motor. The 
weight of combined set is 1} tons, approximately. 


Hicu-Tension TRANSMISSION LINE. 


Two main feeder lines are used to convey the power 
from Clifton Junction power-station :— 

1. The north line, 4 miles long, runs from the Clitton 
power-station to Radcliffe sub-station via Ringley-road. 

2. The south line, 4} miles long, runs from Clifton 

wer-station to Manchester, Victoria sub-station, via 

endleton New. 

Both these feeders are of the same capscity, and consist 
of overhead conductors, of three cables in duplicate, and 
three-core cables, paper-i ted, lead-covered, and 
armoured with steel galvanised wires, in duplicate. The 
overhead cable, supplied by the British Insulated and 
Helsby Cal mited, Prescot, and Messrs. Thomas 
Bolton and Sons, Limited, consists of 7 to 10 8.W.G. per 
phase; the three-core of 19 to 14 S.W.G. per phase was 
manufactured by Messrs. W. T. Henley’s Nelegraph 
Works Cpe. Limited, of London. The outer 
diameter of the three-core cable is 2.293 in., the armouring 
0.1 in., and the thickness of the lead 0.14in. The joints 
are of the plumbed “‘lead-sleeve” type, and the con- 
ductors are insulated with epee sleeves, the boxes bei 
filled in with compound. e north line is practically all 
overhead, cable only being used when passing under 
public bridges. The south line consists of 1} miles of 
oes tees 2 iH — m oe to mee | 
throughout on **H” uctors bei 
three on each side tan pole, the other tolee bale ie 
future extensioas. The standard span used is 70 yards. 

 three-core cable is carried on posts, and where 
convenient on wall brackets. Both lines are in duplicate, 
and under ordinary working conditions will both be 
in use. 

The “H” poles consist of two fir poles of an average 
diameter of 10in., 6ft. from the butt. The cross-arms 
oe . cy insulators a be ———, ~ 

in. by 4 in., on to the pole. e is 
braced with bf ES and bol tet oe anchor- 
stays are used except at points where line makes an 
angle. The whole of the armouring, and also the iron- 
work on the poles, is earthed to copper earthing-plates at 
quarter-mile invervals. No lightning-arresters are used, 
but at the points where the cables enter the power-station 
and sub-stations, choking coils are provided. 


Sus-SratTions. 


There are two sub-stations, situate at Manchester (Vic- 
toria Station) and Radcliffe, and Fig. 28, page 56, shows 
a diagram of the transmission from the power-station to 
the sub-stations, and thence to the live rail. Each sub- 
station is a combined eptaey men Mg opt ep the 
equipment in each being identi -“—y - arrange- 
ment at Manchester is modified slightly, due to its being 
placed in an existing building. 

Rotaries.—Each sub-station is equipped with three 
on hy manufactured by ick, Kerr 
and , Preston (see Fig. 30, page 57), of 1000 kw. six- 
phase, 25 cycles, 10 poles, 300 revolutions per minute. The 
overload capacity of each is 100 cent. momentarily, 
and they can be run contin \y at 25 per cent. over- 
load. y are with an induction motor on the 
end of the main shaft a ey ising. 
No arrangements for starting from the direct - current 
side are provided. Three transformers, also supplied by 
Messrs. Dick, Kerr and Co., are used for each rotary 
converter, — 350 ky.a., and wound for a ratio of 


radiating the heat and circulating the oil. The tubes are 
welded into position, and this gives a perfectly oil-tight 


case, 

The terminals for both primary and secondary leads 
through porcelain insulators at the top 
connections are made on the bigh-ten- 
through short leads and trifurcating boxes to 
from the high-tension switch-gear. 

are taken to the starting pillar 
* a diagram of connections is 





mowr and exciter—coupled together and mounted on 
one bed-plate, giving an output of 900 amperes, 185 volts 
continuously, and will give amperes at 190 volts for 

seconds. Its output for | ing the battery is 
300 ampercs at 200 vults continuously, and the voltage 
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ELECTRIFICATION OF THE MANCHESTER TO BURY SECTION; L AND Y. RAILWAY. 
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Overhead AC. Feeders 7/10° S.W.G. 6600 Volt:. 





Overhead A.C. Feeders 7/10°S.W.G. 6600 Volts. 


Fic. 28. Diagram or Exvectrica, Connections: Power-Stration To Sus-Stations aND TRACK. 


can be raised to 400 for over-charging. These latter 
ratings are obtained by hand regulation, The booster is 
shunt-wound, and is excited from the exciter for auto- 
matic working, and from a portion of the battery for 
hand-regulation. ‘The exciter is shunt-wound, and is 
separately excited from a portion of the battery. Its 
excitation is controlled by means of an automatic carbon 
regulator connected up on the principle of the ‘‘ Wheat- 
stone Bridge,” and — by the main generator output. 
The exciter is capable of exciting the booster fully when 
the latter is doing its regulating work. 

In order to prevent a lag in reversing, the exciter is 
designed to give three times the excitation voltage neces- 
sary to give the required boost, and the carbon regulator 
automatically throttles the excess current when the 
correct boost has reached. The motor is capable of 
driving the booster at all loads when running off 
1200-volt circuit at the speed of 520 revolutions ae 
minute. The speed can be raised to 650 by means of a 
shunt-regulator, in order to obtain the over-charge 
voltage. The set is provided with a device suitable for 
breaking the circuit of the motor when the speed of the 
set exceeds a definite amount. All the cables from the 
switchboard to the rotaries, transformers, boosters, &c., 
are carried in concrete ducts in the flooring of the sub- 
station. These ducts are covered in by steel non-slip 


plates. The battery, which is ho in a separate 
building outside the rotary — consists of 580 
**Plantide” cells, manufactured by the Chloride Elec- 


trical Storage Company, Clifton Junction. The capacity 
is 500 ampere-hours on the one-hour rating, and the 
charging current can be raised to 1500 amperes for 
fifteen seconds. Each cell is contained in a pitch-pine 
box lined with sheet lead, and this box is of such a size 
that the capacity of the battery can be increased ulti- 
mately to ampere-hours by the addition of more 
plates. The positive plates are of the ‘‘ formed” type, 
and the negative plates are of the ‘‘box” or “* ” type, 
each plate consisting of an ‘‘antimonial” lead cage in 
halves, riveted together. The plates are | ereepeme and the 
active material held in ts. The plates are separated 
by wooden dowels, which also act as a support, and are sus- 
pended on stout glass slabs resting on the bottom of the 
cell. The stands are of pitch-pine, protected by anti- 
sulphuric paint, and are supported on strong porcelain 
insulators. Each battery is divided into two portions, 
which are connected through un isolating switch. The 
high-voltage portion (600 to 1200) is partitioned off by 
wooden railings with gates, which are kept locked, so 
that access can only be obtained by ov peed ae 
The cells of this portion fae magne by n rails 
mounted on insulators ; en gangways, which are 
also mounted on insulators, are placed between the cells 
This arrangement has been carried out to prevent acci- 
dental shock of over 600 volts. When it is required to 
carry out work on this portion of the battery the isolating 
switches are used, which reduces it to the same condition 
as the low-voltage half. 
A combined c ing and milking 

factured by Messrs. Mather and Platt for the Chloride 
Electrical Storage Company), for the battery is also in- 
stalled in the rotary-room, and consists of two continuous- 
current machines— one motor and one generator—coupled 


booster (manu- | th 

















Fic. 29. Power-StatTion aND Outcorne TRANSMISSION LINE. 


together. This set is capable of charging the cells, fifty 
in number, which are counected to the ** Entz” booster, 
in two hours a day, charging twenty-five cells at a time, 
and giving 45 amperes at 40 to 70 volts. The motor is 


suitable for working on a 1200-volt circuit, and the 
booster is Gor exciting from the cells to which 
the “ Entz” jator is connected. The set is also 


capable of milking the cells with an output of 200 amperes 
at 2 to 14 volts. 
Switch-Gear.—The switch gear = Figs. 32 and 33) has 
been supplied by the British T ‘ 
pany, Rugby, and is in two parts, one of the ‘‘cubicle” 
type con ing the high-tension feeder and transformer 
leads, and the other of the “* flat-board” type controllin 
the direct-current rotaries, battery, booster and live r 
Both boards are placed on the ground floor of the station. 
The high-tension oe is contained in six cubicles, 
No. 1 and 2 controlling the duplicate feeders, No. 3 being 
bar potential feeder, and Nos. 4, 5 and 6 con- 
transformers for the tbree rotary converters. 
The feeder and high-tension cubicles each contain a hand- 
operated oil-switch, the connections to the bus-bars being 
made through switch-clips at the back. The arrange- 


son Houston Com- | boa: 





ment is such that the whole of the apparatus can be 
withdrawn the cubicle for inspection purposes, 
interlocking devices being used to prevent the apparatus 
being withdrawn or replaced when the oil-switch is 
closed. 

The direct-current board, being 1200 volts, is arranged 
so that there is no live contact on the front of the board, 
the main switches and circuit-breakers, and all 1200-volt 
apparatus, i placed above the board in cubicles 
divided from other by partitions (see Fig. 33). This 
rd consists of fifteen panels, 14 ft. to 15 ft. high. All 
the switch-gear is ee aa by insulated 
levers on thé lower panels. The ro 8 each in- 
clude a circuit-breaker, a single-pole quick-break switch, 
a field ammeter, a main ammeter and rheostat. The 
total-output panel includes an in ting wattmeter and 
a main ammeter. The feeder are two in number ; 
one controls the live rails on one side of the station, and 
the other the live rails on the other side of the station. 
The up and down live rails in each case are independently 
controlled by a knife-switch, but one circuit - breaker 

verns both up and down live rails in one direction. 

e battery-booster panels contain the necessary switch- 
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ELECTRIFICATION OF THE MANCHESTER TO BURY SECTION; L. AND Y. RAILWAY. 





Fie. 30. 





— 


~s 
~~ S 


me 





1000-Kw. Rorarny Converters aND TRANSFORMERS IN SusB-Sration, 








Fig. fo GRAM OF CONNECTIONS OF ROTARY CONVERTER 
a an STARTING MOTOR. 


E.T. Supply _* 





ai te ts 





DIAGRAM OF SUP 
RING NUMBERING. ly 
4 


(4636) 
To Rheostat 


Fie, 31. Connections or Rotary CONVERTER AND 
Starntine Moror, 
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Drrect-CuRRENT Sw?tCHBOARD. 


for operating the booster and the main battery, also 
milking-booster. 
TRACK. 

Though the system adopted is the third or live rail, 
with track return augmented by a fourth rail, consider- 
able departure has been made from the previous practice 
in that it is a side-running contact instead of over or 
under-running. This has been brought about by the fact 
that 1200 volts, which is the maximum voltage allowed 
on third or live rails, necessitates more adequate 
tection against shock, and the form of rail cdoptéa is 
admirably adapted for guarding. This, of course, also 
applies to the under-running type, but here the objection 
was the small clearances available. The live rail and its 
guarding, also ita relative position to the track-rails, as 
shown in Figs. 35 to 42, page 60, is the invention of Mr. 
J. A. ¥F. Aspinall, the manager of the railway com- 
pany. Ivis very compact, lies close to the ———_ and 
gives the maximum space for yers and other work- 
men in the six-foot where rails are normally fixed. 
The guarding is of Jarrah, which has been ad for 
its non-combustible qualities, and is as shown in 
Figs. 35, 36 and 42. It is held in position by clips secured 
by ordinary chair-keys, no screws or nails being used. 
The section of the rail has been designed so ite 
centre of gravity is well within the base line. 

The rail has been supplied by the Shelton Iron, Steel 
aan Company, Limited, Stoke-on-Trent, of a special 
d . The arrangement is such that a projection on 
the u portion of the insulator acte in conjunction 
With Farding as @ key which keeps the rail in 
position. ingulator iteelf is kept in position by three 
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small brackets. The rail, however, does not rest directly 
on the in insulator, but a wooden packing is in- 
serted between to act as a buffer. The normal of 
the insulators is approximately 12 ft. The live is 
anchored every 100 yards by a specially-designed anchor 
insulator, supplied by Messrs. Bullers, Limited. — 

live-rail ii tors are of white in, com- 
pletely vitrified throughout and glazed all over, and are 
64 in. high. The actual creeping surface is 8 in. from 
metal to earth. These insulators have been supplied by 
Messrs. Doulton and Co., Limited. of ae The 
cross-sectional area of the rail is 8.35 sq. in., and weighs 
85 Ib. per yard. Its resistance tween 6.5 and 
7.0 times copper of equal area and normal 
length of each rail is 60 ft. The rails are bonded at each 
joint with two bonds per joint, each bond having an 
effective cross-sectional area of 0.4 sq. in. These bonds, 
which are of the strip-copper flexible type, have been 
manufactured by the Forest City Electric Services Supply 
Company, Limited, of Manchester. The chemical com- 
position of the rail is— 


Per Cent. 
Carbon cal 0.08 
Phosphorus a ee as oe 0.034 
Manganese ie ae eae 0.22 
Sulphur ia a ae a 0.026 
Silicon 0.022 
Tron ... oi ‘i 99 618 
The cables used for connecting across the 


i were 
manufactured by Messrs. T. W. Henley’s Seomph 
Works Company, and, amet, Se 0.5 sq. in., or a 
single 1 sq. in. cable, are used. y are insulated with 
velenniant bitumen, and run in wooden troughs, which 
are filled in with bitumen. These troughs are, as far as 
ible, carried above ground, as shown on the left of 
ig. 38, pee 60, but in all cases of underground work 
** Howard ” troughing is used. 

The fourth or return rail is of square section with 
rounded corners, and weighs 88.5 lb. yard, with a 
croas-sectional area of 8 84 sq. in. The chemical composi- 
tion and electrical conductivity are the same as the live 
rail. This section has been adopted on account of the 
small surface exposed over a given volume of rail, and 
therefore small maintenance in painting, &c. This rail 
is also cut in — of 60 ft., and is placed between the 
rupning rails. t rests on wooden pads, 1 in. thick, 
secured to the sleepers by iron dogs, and is anchored at 
intervals of 100 yards. There are two bonds per joint, 
and the effective cross-sectional area is 0.325 eq. in. per 
bond. The fourth rail is also cross-bonded every 100 yards 
vo the track rails with cable-bonds of 37/158.W.G. copper, 
- the } apa = are 7” — — — 

igs. page show the gen appearance 
of the live rail and its relation to the track. The track is 
fed from the sub-stations through short feeders, which 
take the shortest course from the sub-station to the track 
rails; no supplementary feeders are used. The live rail is 
divided up into sections, which are connected through 
section switches placed alongside tbe live rail, and operated 
as ordinary hook switches. Abt all gaps the live rail is 
ram ped towards the running rail so as to receive the shoe 
which runs on the outside of the rail. This ramp is 
shown in Fig. 37. The whole of the erection of the track 
equipment has been carried out by the railway company. 

Shoe.—The arrangement of the shoe is shown 
in Figs. 39 and 40, page 60, while a section through the 
shoe is given in Fig. 41. connection of 08 to 
the trolley cable is shown clearly in Fig. 42. The mount- 
ing of the shoe on the bogie is shown in Fig. 34, on page 57. 

(To be continued.) 





Automatic Saxeit-Banp Heatixe Furnace.—A brief 
illustrated description is given in the American Machinist 
of the 15th inst. of an automatic shell-band heating fur- 
nace, built by the August Moffle Furnaces, Limited, 
Halifax. It is stated that eight bands can be 
heated per minute for 4.5-in. high explosive shells, with a 
consumption of 3 cwt. of — per 12 hours. The 
copper bands are fed in the furnace automatically at the 
top through three slots, and owing to the rocking motion 
imparted to the furnace, they travel downward ina ig-2a6 
course to the discharge ovens. The furnace can be hea 
either by solid fuel or by gas to suit the requirements ; 
the heat travels upwards around each side of the work- 
ing chamber without coming into contact with the work 
itself. All the bands receive exactly the same amount of 
heat treatment. 





Tue Great InpDIAN PentNsuta Rattway OCompany.— 
The 132nd half-yearlv report of the working of the Great 
Indian Peninsula Railway for the half - ended 
September 30, 1915, sho an increase of 76.75 miles in 
the open mileage worked during the half-year under 
review, due to the Cawnpore- Banda Railway having been 
taken over from the Oudh and Robilkhand Railway on 
April 1, 1915, and to other small adjustments. The fol- 
lowing is a summary of the mileage worked at the close 
of the half-year :— 


uadruple line ee 21.00 
ble line .. os ne “ 650 90 
Single line, including State lines 2386.16 
Total ee ee 3058.06 
“ “Foreign tk hich ruoni 
ines over Ww running powers are 
exercised . on > ws a be 62.17 


With an increase of Rs. 24,63,862, or 6 40 cent., in the 
gross earnings, there was a decrease of Res. 29,82.039, or 
9.87 per cent.. in the expenditure, the result showing an 
increase of net earnings amounting to Rs. 54,45,901, or 
65.80 per cent., as com with the corresponding 
period of 1914. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 5. 

Tue first week of the new year has not developed any 
thing new, but the momentum of past events is sweepi 
business into Fob Ayre 9 a ee i 
to a capacity t) timpossible six monthsago ; starting 
in at 36 per cent. of capacity, prices advanced 2 dols. to 
3 dols. a ton within six mon’ During the last half-year 
anticipated capacity was exceeded, prices averaging an 
advance from 12 dols. to 15 dols. a ton, with a present 
accumulation of business that will absorb the test 
possible production for at least six months ; 
now coming in for the third quarter. Production of steel 
in 1915 was about 28 million tons of finished steel, ingot 
production close to 30 million tons, pig-iron uction 
about the same; but at present it is at the rate of 38 million 
tons, with a possible 40 million tons when i 
obstacles are overcome ; while expansion of pig-iron capa- 
city is mooted, no attempt will probably be made beyond 
completing present improvements. Another 


marking up of prices is probable this week, ially 
fenttn, te plates, and shapes, from 1.80 to >. after 
which the for the third-quarter delivery will be 


thrown ee, 

There has been very little shutting down for repairs ; 
the present embargo on freights holds up deliveries ; 
congestion at terminals is an ugly problem, it is likely to 
become more serious; there might as well be a blockade 
of our ports. December bookings of orders were about 
700,000 tons less than for November. There will soon be 
a scramble for bookings of orders for the last half of the 
year. Freight rates areenormous. There is practically 
no American merchant marine. Railroads report enor- 
mous business. tion dividends for distribution 
this week will exceed 300,000,000 dols ; the bulk of this will 
immediately seek reinvestment, for which opportunities 
are rather limited. Abnormal industrial activity pre- 
vails throughout the eastern section of the country. Auto- 
mobile motors are in extraordinary demand. Total 


dols., or over double the previous year’s average. It is 
fortunate the winter season does not permit such an 
enormous expenditure of munitions. The French Govern- 
ment has just ordered 2000 more cars in addition to 5000 

laced last Thursday ; the former order going to Canada. 

oreign orders for bars and billets are crowding in faster 
than they can be taken, but apparently exorbitant prices 
and limited delivery facilities causes much of this busi- 
ess to hang fire. General business is at top notch. 

ime is now the great factor in war prosecution. 
Domestic buying is becoming a moreand more important 
factor. Requirements are piling up, and as much as 
possible will be held in check until the expenditure of 
this coming summer of mountains of ammunitions. 





Megratiic PeRMANENT-Way.—The value of the exports 
of metallic permanent-way from the United Kingdom 
shows no important changes, but it is still declining, as a 
consequence of the dislocation of foreign and colonial 
railway enterprise by the great war. The] deliveries 
last year were made to British India, but their value fell to 
284, 238/., as compared with 342,310/. in 1914, and 540,076J. 
in 1913. The expression ‘‘ metallic permanent - way” 
includes chairs and metallic sleepers. 





Wi.tino’s Press Guipz.—We have received a cop 
of this guide for 1916, the forty-third annual issue. It is 
published at the price of 1s. Messrs. James Willing, 
Limited, 125, Strand, London, W.C. > ee an alpba- 
betical list of the newspa and periodi issued in 
United Kingdom, the information including the indica- 
tion of the year when the journal was founded, the day on 
which it opprers, the price, and the name and address of 
the publishers. The papers are also classified according to 
the interests, trades, denominations, &c., which are served. 
Special indexes give the names of the London and Pro- 
vincial publications. General information is also given 
on the Colonia), American, and foreign publications. 





Tue Roya Navy List, on WHOo’s WHO IN THE Navy. 
—Ins being issued three or four times per annum, 
this publication is now an annual cone, and in this form 
proves # very acceptable addition to year-books. Thére 
is issued this month a — war supplement, which, 
in addition to the usual tabulated list of flag officers and a 
record of the services of all officers, arranged according to 
alphabetical order of surname, gives a well-prepared 
epitome of the naval events during the war, a special 
record of war services of the officers services 
of each ship, &c., with a diary of the events of the war 


+ nn FE ~ tA, Fe. 
Ss ann ustifies its place man 
lications with the war. In edition, Pn 


is much further information brought up to date 
from previous publications, so that the organisation of 
the Navy and Admiralty and the work of the 
from the beginning of British naval history can be 
understood from the records. Only frequent reference 
can prove the accuracy of the information, but a cursory 
glance over the book shows the surprising error of Sir 
Henry Oram’s name being starred, to indicate that he has 
retired, whereas he is as active, see origi- 
native as ever, as Engineer-in-Chief of the it. We 
think, also, that it is unjustifiable that executive flag 
officers and the officers of the Royal Marine force are 
given in tabular order, whereas there is no such record 
of the engineering officers of the Fleet. With this 
addition the book would certainly be more —_-> It 


i 





is published at 7s. 6d. by Messrs. Witherby Co., 
326, High Holborn, London. 


ex from New York last week in value were 33,000,000 | 80s. 


the | Stimulated the constant rise in 


connected with the Rayel Kacy. It will thus be seen | *F° 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—The pig-iron market re- 
mained quiet on Wednesday afternoon, little business 
being done, with closing sellers’ prices at the morning’s 
level. Thursday morning’s market was characterised 
by a certain narrowness of tone, cash warrants fluctuating 
between 78s. 3d. and 78s. 14d. per ton, while one month’s 
iron still remained, even at the close, at 78s. 9d., a turn- 
over of 3500 tons being done. For cash warrants, sellers 
quoted 78s. 24d. per ton at theclose. Business firmed 
at the afternoon session when an advance of from 3d. to 
. per ton was recorded, cash iron rising at the close to 
7d. and one month to 79s. Id. ton. This tem- 
porary advance was not maintai on Friday, when 
prices dropped again at the forenoon market, the closing 
pn ome 7#s. 54d. cash and 78s. 103d. one month, 
howing a decline of 14d. and 24d. ton respec- 
tively. Business was done also at 78s. 1ld. twenty- 
three days, and 78s. 6d. ten days, while the turnover re- 
ported amounted to 2500 tons. In the afternoon a cer- 
tain dulness was apparent, and although 78s. 9d. was 
accepted for one month’s iron. prices steadied a trifle at 
the close, when sellers quoted 78s. 6d. per ton cash and 
78s. 114d. one month, with 78s. 6d. fourteen days and 
78s. 8d. twenty-four days. A further 2500 tons were dealt 
in. On Monday morning the market was firm, although 
the business was restricted. Cash iron alone was dealt 
ip, some 1500 tons changing hands at 78s. . per 
ton, and at the close sellers quoted 78s. - cash 
and 79s. 2d. one month. At the afternoon session 
the tone was brisker, cash iron being bid up to 
78s. 64d. At this figure only one transaction was re- 
corded, while the market closed with sellers’ prices at 
78s. 11d. cash and 79s. 5d. one month. The market 
—— firm yesterday (Tuesday) morning, and cash iron, 
after being dealt in at 79s. 2d., closed with sellers at 80s. 
On forward account Cleveland warrants fluctuated be- 
tween 78s. 104d. and 80s., finally closing with sellers at 
3d, per ton. The transactions only amounted to 
2500 tons A further advance was made in the afternoon, 
when a small business of 500 tons realised 80s. . one 
month. Abt the close sellers were quoted 80s. 24d. cash 
and 803. 8d. one month. Quite disconcerting was the 
reaction which took place in the market this (Wednesday) 
morning, when cash iron changed hands at 79s. 6d. per 
ton, sellers closing at this price and 80s. one month. Only 
1000 tons were dealt in. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia continues strong, and things are much as they 
were a week ago, the price for | my delivery, G Ww, 
now being 17/. 17s. 6d. to 18/. per ton, and at Leith 
182. 5s. to 181. 7s. 6d., a trifling advance over the previous 
week’s quotations. 

Svotch Steel Trade.— Considering the extraordinary 
amount of work put through by the steel-makers in the 
West of Scotland during the past fourteen or fifteen 
a, Ld not pa to learn that the Clyde area 
is now upon as the most oe poted dis- 
trict in the country, from the standpoint of the Misiotry 
of Munitions. The tension is intense, and there is every 
expectation that within the next few months the demands 
of our own and the Allied Governments will be consider- 
ably in excess of what they were last year. Steel for 
sheill-bars is one of the most sought-after requirements, 
and the demand continues unabated. Although little . 
mercantile business can be undertaken, the inquiries 
from France and a number of the Colonies are most 
promising. While the high cost of production has 
rice during the past 
month or two, the fact that vernment has now 
taken the price question into consideration, with the 
intention of fixing a maximum rate for all manufac- 
tured steel will, in a measure, relieve the tension. An 
increased Government control will, to a certain extent, 
limit fits, and if the wage ) aie can be satis- 
factorily settled also, more nor conditions will soon 

vail =, The matter is one of extreme difficulty, 
‘or each hh of the trade hangs so much upon the 
other, and those interested await the outcome of the 
negotiations with much concern. Several makers indi- 
cate a certain desire to withdraw prices altegether until 
the whole question is satisfactorily settled. jiler-plates 
are still quoted 13/. 10s. per ton ; ship-plates, 12/. 103.; 
and angles, 13/. to 13/. 10s.—all less the 2} per cent. for 
prompt delivery. 

Malicable-Iron lle the malleable-iron po the 
greatest activi prevails, more especially on home 
account ; indeed, were it possible, a much larger volume 
of business could easily be put through, for the demands 

ngs are in the meantime, the bulk 
as to be passed over, simply 


rial is having rather serious effect, and so also is the lack 
of good pud and other workers. This last-mentioned 
fact is responsible for the Coatbridge furnaces not all 
being in blast at the moment ; those which are working, 
however, are in full operation all the time. With prices 
a trifle uncertain, ‘‘Crown” bars have slightly advanced 
ge: Bly By By pels 132. 5s. to 
132. 108. per ton, less the usual 5 per cent. discount. 
Scotch Pig-Iron Trade.—While the local demand for 
ordi pig-iron is alike strong and steady, 
quantities of hematite at the greatly i rate of 
about 6/. 15s. per tun have passed from the hands of the 
makers to the iron and steel manufacturers engaged on 


extensive Government contracts, munitions, &c. With 
prices so very much in excess of those ruling in normal 
times, it is difficult ‘to say what may happen, although 
it is hinted in certain quarters that bigher rates are being 
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charged than are at all justifiable, and that to make money 
out of the nation’s u: t necessity is unpatriotic in the ex- 
treme. Notwi' ing this, the high cost of raw material, 
the heavy freight charges, and the ity of labour, all 
Ley Ae send up prices, and as the required material must 
be forthcoming, is no choice in the matter. 
is no falling-off in the demand for ordinary foundry 
rad te the fact that upwards of 5/. per ton is 
[a asked for some of the better brands of No. 3—prac- 
tically a record price. There have been sixty-eight blast- 
furnaces in operation in Scotland during the past week, 
—_ is Ly Ww than ae anges A week, and five 
‘ewer ¢ at ing jiod a year ago. 
The current quotations for makers’ (No. 1) i show a 
steady increase, as the following figures indicate:— 
Gartsherrie, 106s (all shipped at Glangow) 3 Eiglington’ 
artsherrie, Ss. 1 at w); ington, 
100s., Glengarnock, 106s. (both at ; Dal- 
mellington (at Ayr), 99s. 6d.; and Shotts (at Leith), 105s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Values of Cleveland pig- 
iron hr ve this week touched higher rates than have ruled 
for over forty years. As much as 81s. has been realised 
for No. 3 g.m.b. Not since 1874, when 87s. 6d. was paid 
for the ruling quality, has Sls. been quoted. In 1873 the 
record price in the history of the trade was realised— 
viz., 120s. The position has now eased a little, and No. 3 
is obtainable at 80s. 6d.; but sales are not bei i- 
cularly pressed, as there is a prevailing opinion that the 
fixed maximum of 82s. 6d. will be reached very ly. 
The other qualities of Cleveland pig were in the propor- 
tions that have ruled for some time No. 1 is in the 
neighbourhood of 83s. to 83s. 6d.; No. 4 foundry is 80s.; 
No. 4 forge, 79s. 6d.; and mottled and white iron, each 
79s. All the fo ing quotations are for early delivery, 
very little disposition being shown to do business ahead 
to any extent. 


Hematite Iron.—Very satisfactory accounts are given 
of the East Coast hematite branch of the staple industry. 
There are no stocks, uction is taken up as fast as it 
is made, and quotations are very strong. No hematite 
is purchasable for supply before the second quarter of 
the year, and in fact t! is little now offered for sale 
for delivery before July, many makers having di 
of the whole of their output to the end of June. ere 
are substantial inquiries in the market on both home 
and Continental account, and with licenses for shipments 
to our Allies coming forward, more deliveries to France 
are reported. Nos. 1, 2and 3 are fully 135s. delivered 
April next, and onward. 


Shipments of Pig-Iron.—Under all the circumstances, 
shipments of pase from the Tees are on a good scale. 
They would heavier but for the shortage of labour. 
To date this month they average 1119 tons per working 
day, the total despatches amounting to 16,787 tons, as 
compared with total clearances of 29,450 tons, or a daily 
average of 1840 tons to the same date Jast month, and 
loadings of 10,135 tons, or an average of 675 tons per 
working day for the corresponding part of January a 
year ago. 

Foreign Ore.—There is little new to report concerning 
foreign ore. Excellent supplies are coming to hand on 
contracts, so much so that consumers are accumulating « 
fair amount of stock, and for the time being, are not keen 
to buy. Sellers, however, are very well placed, and are 
not at all disposed to make concessions. Market rates 
remain on the basis of 38s. ex-ship Tees for Rubio of 
50 per cent. quality. Freights, Bilbao-Middlesbrough, 
are fully 21s. 6d., and likely to be higher. Imports of 
foreign ore to Middlesbrough, so far this month, are 
officially returned at 131,880 tons. 


Coke.—Busines: is passing in Durham blast-furnace 
coke, of average quality, at the fixed maximum of 28s. 
at the ovens, but a marked upward tendency is shown in 
rates of i so much so that in some cases the 
quotation delivered at Tees-side furnaces is put at 32s., 
whereas the conveyance in times is not more than 
2s. 6d. As much as 37s. f.o.b. is named for foundry 
coke, though the fixed maximum at the ovens is several 
shillings below that figure. 


Manufactured Iron and Steel.—Finished iron and steel 
producers continue so busily engaged on Government 
work that private consumers experience much difficulty 
in obtaining deliveries, and it is almost ureless attempt- 
ing to transact imary com ial business to any 
extent. Quotations are steady, the following being 
among the principal market rates :—Common iron bars, 
132. 10s ; best bare, 137. 178. 6d.; double best bars, 141. fis.; 
treble best bars, 14/. 12s. 6d.; iron ship plates, 11/.; iron 
ship-angles, 132. 10s.; iron ship-rivete, 10s. ; steel ship- 
plates 11/. 10s.; steel ship-angles 117. 2s. 6d.; steel joists, 
lll. 2s, 6d.; heavy steel rails, 11/.; and steel railway 
sl 12/.—rails and net f.o.b., steel plates, 
steel angles, and joists net at works, and all other descrip- 
tions less 24 per cent. discount. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade —The strong position which 
has characterised the South Yorkshire trade is well 
maintained ; every department is at full stretch. The 
= of => evident bag it is —— o- | 
ortage jiminished output by from 15 to 
cent., that munition and other controlled works are i 
from 50 to 100 per cent. over their normal tonnage, 
that practically every branch of industry is crying out for 


supplies. Were it not for the em upon ship- 
ments there would be anabsolute am tg te com- 
plain of the constant strain ; many of them are thousands of 
tons behind on their contracts, and as men are still filtering 
away a the pits, there 7 not — prospect of 4 
vemen' © question of pri to a great exten 

settled under the Coal Prices (Limitation) Act. 
Nuts and cobbles. largely used in furnace and boiler work, 
make 16s. to 16s. 6d. per ton, but if any of these came 
on the open market 1/. per ton would be readily offered 
for shipment. The only steady supplies which are leav- 
ing British ports are for France. Shipping requirements, 
however, are heavy, notwithstanding the restrictions. 
Small coal is a very strong market, there being prac- 
tically no free supplies available. Coke plants are taking 
a tonnage, working at full stretch, producing 
chemicals and otber residuals required by the Govern- 
ment. In fact, the whole industry is approaching a con- 
trolled trade, as the Government are insisting on firms 
working on national work being kept well supplied. The 
latest quotations are :— Best branch hand-picked, 20s. 6d. 
to 2is. 6d. ; Barnsley best Silkstone, 17s. 6d. to 18s. 6d. ; 
Derbyshire best brights, 17s. 6d. to 18s. 6d. ; Derbyshire 
house, 16s. to 17s.; best large nuta, 15s. to 16s. ; smal! nuts, 
14s. 6d. to 15s. 6d. ; Yorkshire hards, 16s. 6d. to 17s. 6d.; 
Derbyshire hards, 16s. to 17s. ; best slacks, 11s. to 12s.; 
seconds, 9s. 6d. to 10s. 6d. ; smalls, 8s. to 9s. 


High-Speed Stecl.—Sheffield manufacturers of high- 
steel have met and accepted the prices and condi- 
tions laid down by the Government for the sale of this 
commodity: The following are the prices and conditions 
which it was explained must be strictly observed in all 
transactions connected with the sale of high-speed steel. 
Ordinary quality, approximately 14 I cent. tungsten, 
2s. 10d. per Ib. (basis); superior quality 
18 per cent, tungsten, 3s. 10d. per Ib. (basis) net cash, 
delivered at the customer’s works with the —— 
extras :—Rounds and squares, 3 in. to 8 in. inelusive, 4d. 
rlb.; ditto, under } in. to } in., 3d. per lb.; flats, under 
_in. by § in. to 4 in. by } in., and of sizes over four 
times in width over thickness, 3d. per lb.; bevels 
approved sizes and sections, 6d. per lb.; bars cut to 
length, 10 per cent. extra ; exceptional sizes and sections 
not covered in the above list subject to special quota- 
tion ; oddment orders of less than 56 Ib., of a size, 3d. 
per Ib. extra. The ~ list of Cay has been compiled 
to represent as nearly as possible the ave practice 
a> the trade. The we quoted relate to the home trade 
y: 


Tron and Steel.—The iron and steel trades of Sheffield 
are passing through a boom period such as has never 
before been experienced. Week by week, as additions 
are made to plant and accommodation, the output climbs 
above all previous records. Not only have there been 
large extensions of works, but the workers are exerting 
themselves to the utmost of their resources. Temporary 
accommodation is being provided for the thousands of 
temporary artisans who have been drafted into the works, 
and the Government are paying a substantial subsidy to 
the Corporation for the erection of workmen’s dwellings 
to house the employees of the big works. In the iron 
market maximum prices of common irons have now been 
definitely fixed at 87s. 6d. for both Lincolnshire and 
Derbyshire forge on trucks, with 2s. 6d. extra for foundry 

ualities. At present there is considerable variation in 
the quotation, and limit prices have not been reached. 
Sales have been made in Lincolnshire foundry and forge 
at 856., with basic qualities at 2s. 6d. above those rates. 
Derbyshire is making about 82s, on truck for foundry 
lots, and 80s. for forge. Uncertainty is still experienced 
respecting hematites, there being no material on the open 
market, and consumers are willing to pay big rates for 
immediate delivery. Overseas business is still a heavy 
feature, and includes orders for steel, saws, tools, shovels, 
cutlery, ears, and files. Tramway material is in 
a strong position, and orders on municipal account in- 
- tyres, manganese steel crossings, and special track 
wor 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—Owing to a scarcity of steam coal at Cardiff, 
there has been a decided advance in prices since the com- 
mencement of the new year. Second Admiralties and 
Monmouthshires have been making 32s. 6d. ton at 
Cardiff, free on board. This is an advance of 15s. 
upon prices paid in November. There is a prospect of 
extreme pressure for supplies of stea.n coal continuing, as 
a large number of vessels have been kept waiting for 
a although tonnage has arrived to a sub- 
stantial extent. Colliery outputs, although somewl 
heavier, are still inadequate to meet current require- 
ve limited parcels to offer are 

The best Admiralty large 
, to some extent, nominal ; lary 
qualities have brought 31s. 6d. to 32s. 6d. per ton ; best 
bunker smalls have made 17s. 6d. to 18s. 6d. ton ; 
and cargo smalls. 12s, to 15s. \. 
= 

ve t to per ; 

large bas been taken at 24s. to ye; 
smalls have been quoted at 136. to 14s. 
latest quotation for patent fuel to 
ton. Special foundry coke has made 45s. : 
foundry coke, 38s. to 42s.; and furnace coke, 
35s. per ton. As regards iron ore, Rubio has 
at 358. to 37s. per ton upon a basis of 50 per 
and charges, including freight, insurance, &c., 
or Newport. 

Current Coal Shipments.—The exports 
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Bristol Channel ports in December was 1,820,995 tons, 
showing a reduction of 290,933 tons, as compared with 


, approximately | bei 


of | d 


December, 1914. The cargo shi ts of last month 
were : iff, 1,033,364 tons ; Gloucester, 1949 tons ; 
Lianelly, 9288 tons ; Newport, 304,339 tons ; Port Talbot, 
91,631 tons ; and Swansea, 315,246 tons, making a total 
for all ports of 1,755,817 tons. The principal market 
shipments were : — Cardiff, 243,824 tons; Newport, 
416,666 tons ; and Swansea, 34,732 tons. 


Western Trade Matters.—There have been signs of 
activity at the Dowlais Works. The Goat Mill has 
engaged upon a foreign order for heavy steel rails; the 
Big Mill has been busy with small ers for merchant 
firms, light rails for underground lines and sidings, fish- 
plates, and sole-plates. At the last sitting of the Swan- 
sea Harbour Trust, Mr. R. Beck reported that exports 
declined 18 per cent. last month, the decrease occurring 
in coal, coke, and patent fuel; the falling-off here was 
no doubt due to a ecarcity of tonnage; tin-plate ex- 
ports showed little ; rather less had been sent 
to Norway and Holland, ‘one to Japan. 
The directors of the Mount Stuart Dry Books, Limited, 
have distributed a dividend at the rate of 6 per cent. per 
annum upon the preferred ordinary sbares; a dividend 
of 6 per cent. per annum has always been paid upon the 
deferred ordinary shares; the dividends are interim dis- 
tributions for the half-year ended December 31. Ata 
meeting of the Ne t Town Council on Tuesday, Mr. 
Robjent om gins that a recommendation of the parlia- 
mentary and improvement committee that the United 
Tube tion should be allowed to take i portion 
of the undertaking of the British Mannesmann Tube Com- 
pany should be referred back for further consideration. It 
was pointed out that the main question was whether the 
council was to assist the Government. The 
motion for tponement was defeated, only two votes 

ing ed for it. The Cynon Colliery Company 
reports a greatly increased profit for 1914-15. The resulta 
of the past seven years’ working were as follow :— 
1908-9, 72162. profit; 1909-10, 11,8212. profit; 1910-11, 
51462. fit; 1911-12, 21112. profit: 1912-13, 15822. 
loss ; 1913-14, 11112. profit; 1914-15, 27,5937. profit. The 
ividends paid for the same years were :—1908-9, 8 per 
cent.; 1909-10, 6 cent.; 1910-11, 5 per cent.; 1911-12, 
24 per cent. ; 1912-13 and 1913-14, nil; and 1914-15, 12) 
per cent. Owing to underground difficulties and labour 
troubles the company had three lean years; but in 
1914-15 it not only distributed a dividend of 12} per cent., 
but italso paid off a bank loan of 15,000/., 15,0007. 
to reserve, and carried forward 99391. Freight rates have 
been still going up at Cardiff, new records havin 
established for Mediterranean (Genoa Mar- 
seilles). The Genoa rates reached 77s. 6d. V ak «: making 
an advance of 11s. 6d: per ton since mber. The 
directors of the Gloucester Railway Carriage and W: 
Company, Limited, recommend an interim dividend for 
the half-year ended November 30 at the rate of 10 
cent. per annum. Ib is — predicted at Cardiff that 
freight rates for Marseilles will reach 4/. per ton. British 
shipowners are not doing so well out of the present 
extraordinary state of things as neutrals, particularly 
Greeks, Scandinavians, Americans, and Spaniards ; this 
is due to the fact that British owners have about half 
their tonnage age on Government work, while they 
have to face all increased costs as well as greatly 


incre:sed income tax. 





Mininec Macuinery.—The value of the mining machi- 
nery exported from the United Kingdom last year was 
571,600/., as com with 819,486/. in 1914 and 1,018,150, 
in 1913. The decrease observable, which was, no doubt, 
occasioned by the war, was still continuing at the clore of 
last year, the value of the shipments for December having 
been 42,854/., as compared with 48,800/. in December, 
1914, and 59,9751. in December, 1913. The largest consign- 
ments were made last year to South Africa, which took 
mining machinery in 1915 to the value of 255, 204/., as com- 
pared with 284,337/. and 419,591/. The value of the minin 
machinery exported in each of the ten years ending wi 
1915 inclusive was :— 


Year. bar Year. Value. 
£ 
1906 .. 782,862 1911 1,084,608 
1907 . 876,161 1912 989, 
1908 . 912,786 1913 1,018,150 
1909 . 958,226 1914 .. 819,486 
1910 1,280,660 1915 .. 571,600 





InpIAN RaILwaYy ADMINISTRATION.—Ab the close of 
March, 1915, the Bengal Nagpur Railway Company bad 
expended 27,640,794/. upon its undertaking. The capital 
expended in 1914-15 was mainly paid out for additional 
rolling-stock and improvements to the main line and 
wi ops at Khargpur. At the close of the financial 
year, ris miles of 5-ft. 6-in. gauge and 2} miles of 
2-ft. 6-in, gauge were under construction. The 49} miles 
of 5-ft. 6-in. gauge included a second section of the Bokhara 
and Ramgarh extcnsion, and alao the Parvatipuram and 
Singapur road section of the Raipur and Vizi ™ 
extension, work on which was suspended by order of the 
Indian Railway Board. The 2} miles of 2-ft. 6-in. gauge are 
a short section of the Gondia and Chanda line at Chanda. 
The average length of line worked in 1914-15 was:—Lines . 
of 5 ft. 6-in. gauge, 1878} miles ; lines of 2-ft. 6-in. 

796 miles ; or, altogether, 2674} miles. Theratio of the 
working expenses to the traffic receipts in 1914-15 was 
50.32 per cent., as compared with 48.51 per cent. in 
1913-14, and 45.57 per cent. in 1912-13. The total 
traffic, including coal, was 7,285,123 tons in 1914-15, 
7,259,398 tons in 1913-14, and 6,639,354 tons in 1912-13. 
was @ large increase last year in the revenue 





There 
derived from the carriage of ; this was due to 
increased long-distance coal traffic via Nagpur. 
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ELECTRIFICATION OF THE MANCHESTER TO BURY SECTION; L. AND Y. RAILWAY. 


(For Description, see Page 55.) 


The guard-boards are in lengths of ne. with 


| 7 jointe placed at pointe between the 


clip is fixed on each joint, and also at 7 ft. 6 in. mitch 


between joints. 


The —— is in lengths of 60 ft. and weighs 85 Ib. 


per y 

















Fics. 35 anp 36. Permanent Way w'ta Tatrp anv Fourts Ralts. 























-4 s- 


y ae” = 






Fies. 39 ro 41. Contact-SHOE anp CONNECTIONS. 


MAcHINERY IN JAPAN.+Machinery was anand into 


looms, 74,100/.; and ome combined with motive 
Japan in 1914 to the value of 2. B48, 2001. as com 


pared machinery, 44,500. The Japanese Government Rail- 
with 3,752.700/ in 1913, and 2,987,600. in 1912 The share ways have their own inspectors abroad, and upon pre- 


of the United Kingdom in the trade of 1914 was | sentation of their es of inspection, payment is 
1,354,500/., as compared with 1.737,800/. im 1913, and | made on delivery of goods after further inspection on 
1 "456.3002. i in 1912; that of the United States, 505,700/., | their arrival in Japan, chiefly with regard to measure- 
754,3001., and 705,600. ; that of Germany, 556,100/.,| ments. With Admiralty and War Office orders payable 
873,600/., and 658, 9007. ; that of Franee, 25,000/., 24,700/., | to the value of 25,000/., inspection is made within 15 days 
and 18,5001, ; and that of other fae pn 104,900, | of delivery. With larger orders, such as for 

362,300/., and 148,300/. The principal waete were :— | warships, payment is spread over the course of construc- 
Spinning machinery, 544,300/.; dynamos, electric motors, | tion, running into five or ten amounts. The Admiralty 





ormers, converters, and armatures, 245,800/.; metal generally places its important orders through inspectors 

or wood-working machinery, 253,200. ; steam- boilers and in ion, but —— are cules en 
occas, ae! locomotives and tenders, 45,7002. ; agents in Japan. such cases payment is made free on 
imps, 67,900/. ; cranes, 34,100/.; board at British par and ~~ = saalile Gn by the 


companies, 


gas-engines, 37 
water turbines. an ‘Belton wheels, $2, 900%. ; weaving- naval inspectors with 
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Fig. 42. Connections or SHoz To TKoLiey-Casie 
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CONSTRUCTED BY THE CHURCHILL MACHINE 




















ENDVIEW LOOKING IN DIRECTION OF ARROW. (Fig.260) 
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George-street, Westminster. A paper will be read on ‘‘The 
Flow of Air through Nozzles,” by Captain Thomas B. Morley, 
B.Se. (of the University of Glasgow), Associate Member. 

__ THE MIDLAND InstituTR. or Mining, Orvin, AND MBOHANICAL 
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by the Publisher, post free, at the following rates, for twelve 
months, payable in advance :— 


For the United Kingdom............ £1 15 6 
The increase in the annual subscription is entirely due to the 
new postage rates on newspapers. 
For Oanada— 
Thin paper copies .......... £1 11 6 (97.65 
Thick a © ' éeeedessee £1 16 0 (a76) 
For all other places abroad— 
Thin paper copies .......... £1 16 0 
Thick -  . seepeonsus a2 0 6 
When subscriptions are sent by Post-Office Orders, 


advice should be sent to the Publisher. 
Foreign and Colonial subscribers receiving incomplete — 


te are requested to communicate the fact to the | — 


newsagen' req 
Pu , together with the agent's name and address. 
All accounts are payable to ‘* ENGINEERING,” LIMITED. 
ues should be crossed ‘‘ Union of London and Smith's Bank, 
‘ Oross Branch.” Post-Office Orders should be 
made payable at Bedford-street, Strand, W.O. 
Offices for Publication and Advertisements, 
35 and 36, Bedford-street, Strand, London, W.C. 


We desire to call the attention of our readers 
te the fact that the above is our SOLE ADDRESS, 
and that no connention exists between this 
Journal and any other publications bearing some- 
what similar titles. 


THLBGRAFHIC | «« ENGINEERING,” WESTRAND, LONDON. 
TaLarHons Numpsrs—3663 and 8598 GERRARD. 





“ ENGINEERING ” CLASSIFIED DIRECTORY OF 
CURRENT ADVERTISEMENTS. 





The OCTOBER EDITION in compact book form is 
now ready and may be obtained gratis from the Pub- 
lisher. It also contains the Telegraphic Addresses, 
Codes, and Telephone Numbers of our Advertisers, 
and Glos-aries for the use of Foreign Buyers in 
Russian, French, Italian, and Spanish. 





CONTENTS. 
PAGE | PAGE 
The Bending and Torsion of London Traffic............ 61 
Beams of Commercial Oil Storage ............ . 6 


Section (/Uustrated) 49 The Balancing of Petrol- 


Grinding - Machines. — No. Motors (JUlustrated) .... 63 
XVEIL. (2ldusctrated).... Gl || MOCes .. 0. .ccccccecccscces 64 
Industrial Notes ...... .... 54 Literature: Landand Marine 
Excess Profits Duty under Diesel Engines; LesCables 
the Finance Act (No. 2), Sous- Allemands.. 5 
WEED do bweccsen<s cot seer 54 Books Received .......... 66 
Electrification of the Man- The Royal Meteorological 
chester to Bury Section EEE. tc akementueecace 67 
of the re and Tests on Concrete ........ 67 
Yorkshire Railway (JUus- Electrical Power Plante in 
rere 55 the Thames ............ 67 
Notesfrom the UnitedStates 58 Trimming Lathe for Small 
Notes from the North .... 58 Parts (/llustrated) ...... 68 


Electrical Railways (Jllus- 
the Northern Counties 59 


Colonial and Foreign - 
has bode thea heated 59 neering Projects ........ 72 
69 | Catalogues’ 72 


With a Two-Page Plate of CAM-GRINDING ATTACHMENTS 
and 16-In. CAM-GRINDING MACHINE, 





day, January 22, at the Danum Hotel, Don- 
cister, at 3.30 p.m. The President (Mr. O. Chetwynd Ellison) 
will deliver his presidential address. A paper by Mr. E. Lioyd, 
on “‘ Notes on the Uses and Markets for Coke Oven By-Products.” 

Tue InstiruTion oF Civi EXGmkeErs. —Tuesday, January 25, at 
5.30 p.m. The discussion on the following paper will be continued : 
‘“‘The Electric Locomotive,” by Mr. Frederick William Carter, 
M.A., Assoc. M. Inst. O.E. 

Tar LiverPoo: Breinrerie Socisry.—Wednesday, January 26, 
at 8 p.m., at the Royal Institution, Colquitt-street, when a r 
will be read by Mr. G. ©. Marris, B.Sc., A.M.LE.E., entitled 
“Recent Developments in Telephony.” 

Tas Roya, Socrmry or Arts.—Wednesday, January 26. “ The 
Effect of the War on Cotton-Growing in the British Empire,” by 
Mr. J. Arthur Hutton, Chairman of the British Cotton-Growing 
Association. Sir Daniel Morris, K.O.M.G., M.A., D.O.L., D.Sc., 
F.R.S., will preside. The chair will be taken at 4.30 p.m. 

Tae Rorat Instrrvmion oy Great Brrrain.— lay, Janu- 
— 28, at 5.30 p.m., the discourse will be delivered by Dr. Leonard 
Hill. The subject is ‘The Science of Clothing and the Préven- 
tion of Trench Feet.” Afternoon lectures next week at 3 o’clock. 

y, January 25, on “The Physiology of Anger and Fear,” 
by Professor Charles S. Sherrington, M.D., LL.D., D.Sc., F.R.8., 
Fullerian Professor of Physiology, R.I. (Lecture II.). Thursday. 
January 27, on ‘‘The Utilisation of Energy from Coal 
neg Anwge Bs tional Standpoint,” by Prof ° 
D.Se., D., F.R.S. (Lecture IL). Saturday, January 29, on 
“* Raphael and Michelangelo,” by Mr. Charles J. Holmes, M.A., 
Director, National Portrait Gallery (Lecture II.). 

Tus Nortu-East Coast InstiruTion OF EXGiINE@RS AND SutP- 
BUILDERS.~ Friday, January 28, at 7.30 p.m., in the Lecture 
Theatre of the Literary and Philosophical Society, Newcastle-on- 
Tyne. The di fon will be r d on “The Time Element 
and Related Matters in Some Ship Calculations,” by Professor 
J. J, Welch, M.8c., Member of Council. The following trdiation 








be read and, time permitting, discussed :—‘‘ The Stand: 
of Stability Curves,” by Mr. Wilfrid Ayre, Associate Member. 

Tue PuysicaL Society or Lonpon.—Friday, January. 28, at 
the Imperial College of Science, Imperial Institute-road, ith 
Kensington, &.W.. at 5 p.m.—The second Guthrie Lecture will be 
delivered bv Mr. W. B. Hardy, Sec. R.S. Title: ‘* Some Problems 
of Living Matter.” 

Tue Institution or Locomotive Enoinzers.—Saturday, Janu- 
ary 29, at Caxton Hall, Westminster, at 3 p.m. Annual general 
meeting. After the formal business. the President-Elect, Mr. 
R. E. L. Maunsell, M.A., M.I. Mech. E.. Chief Mechanical Engi- 
neer of the S8.E. and ©. Railway, will address the meeting. 

Tue Association oF Mining ExxcrricaL Enoingers: Notre 
AND DeRBYSHIRE Brancu.—Saturday, January 29, at the Univer- 
sity College, Nottingham, at 3.30 p.m. Papers for discussion :— 
**Unusual Breakdowns in Colliery Electrical Plant,” by Mr. Roger 
Devine (East Scotland Branch); “Notes on Experiments with 
Battery-Signalling Bells, following the Senghenydd Explosion,” 
by G. M. Harvey (Lancashire Branch). 
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LONDON TRAFFIC. 


Apvocates of municipal speculation in trading 
ventures frequently make the point that a public 
authority can in general raise the capital n 
for the undertaking at a lower rate than it is pos- 
sible for private parties to do,and gain thus an advan- 
tage which more or less offsets the lower standard 
of efficiency commonly characteristic of services 
owned and operated by the community. Whilst it 
cannot be denied that public credit stands higher 
than that of all but exceptional private enterprises, it 
has notwithstanding to be borne in mind that if the 
venture proves a failure, the community has never- 
theless to continue its payments ; whilst had the 
enterprise been left to the private speculator, the 
whole of the loss would have fallen on the latter. 
As a matter of fact, a comparison of actual results 
shows that in very many cases the community is 
paying distinctly less for the use of privately con- 
trolled capital than it would have had to pay had 
the speculations in question been undertaken by a 
public authority. For example, the return on the 
66 millions of ordinary capital invested in the 
urban railways of London is but 2 per cent., a rate 
much below that at which even such a body as the 
London County Council could, even in pre-war 
days, have raised the capital required. ere is, 
moreover, reason to believe that, on the whole, 
the community is paying no more for the use 
of the company-owned tramways than it is for 
the municipal undertakings. Exagt. figures are, 
however, difficult to get, since unsuccessful private 
companies commonly write off largé-proportions of 
their capital, making the apparent return on the 
remainder higher than the true average dividend 
on the total investment. On the other hand, 
the amounts annually attributed to interest on 


69| municipal loans do not give a clear indication 


of the rate at which the capital was originally 
raised 


In the provinces, of course, the public owner- 
ship and management of transport facilities has 


tion| had they been protected 





been accompanied by a stolid opposition to the 
introduction of improved methods of transporta- 
tion in the fear that these might seriously affect the 
tramway receipts. No doubt this danger is far 
from illusory, but at the same time experience has 
shown that the larger proportion of the passengers 
patronising the motor-bus is obtained by the tap- 
ping of new sources. This was particularly well 
shown by Sir Albert Stanley in a paper read before 
the Engineering Congress at San Francisco last 
September. In this paper Sir Albert gave a most 
instructive and detailed description of London 
traffic as it exists to-day. 

In the year 1911 the number of ngers 
carried by the London County Council Tramways 
was 516 million, which at that date represented 
60 per cent. of the total tram and omnibus traffic. 
In 1913 this total had increased to 523 million, but 
at the same time the omnibus traffic had risen from 
340 million in 1911 to 705 million, so that the pro- 
portion of the whole secured by the trams had fallen 
to 41.8 per cent., whilst that of the omnibuses had 
risen to 58.2 percent. In the first half of 1914, 
again, the omnibuses carried 388 million passengers, 
corresponding, say, to nearly 800 million per annum 
had pre-war conditions continued. In 1911 the 
omnibuses carried 340 million, so that in the course 
of two years the traffic had more than doubled. 
Only the most reckless of politicians would venture 
to assert that the tramways could have secured 
more than a very small fraction of this increase 
inst competition, as 
they are in Glasgow, Manchester, and other pro- 
vincial towns. The figures indeed demonstrate in 
a most striking way how large must be the indirect 
loss suffered by these communities through their 
ss of establishing a monopoly in transport 
acilities. 

The causes of the great popularity of the motor-bus 
are very clearly set forth in Sir Albert’s paper. 
He states that in no case do the omnibuses merely 
parallel the tramways. Even where they traverse 
the same streets for long distances, they extend 
into areas otherwise untouched. In fact, the 
diversity of service offered would be impracticable 
with any system of tramways commercially pos- 
sible. For example, the omnibuses traversing the 
section between Oxford Circus and Bond-street 
belong to no less than fourteen distinct services. 
By no practical expenditure would it be possible 
to give an equal service by means of tramways. 
The new traffic created by the omnibuses is, how- 
ever, not attributable to this circumstance only, 
but to the greater efficiency of the services offered 
even along routes provided with tramways. This 
greater efficiency of service is, it is of interest 
to note, acknowledged as the determining factor in 
the success of the ‘‘Jitney” omnibus in America, 
In a paper published recently in The General 
Electric Review, Mr. J. C. Thirlwell advanced the 
opinion that the only course open to the tram- 
way companies in the United States was to en- 
deavour to give an equal service by reducing the 
size and iucreasing the frequency of their cars; 
indeed, he pro the adoption of cars seating 
32 only. It is interesting to com this conclu- 
sion of the ical man with t which com- 
mended itself to the politicians of the London 
County Council, who seriously contended before 
the late Royal Commission that the larger the 
car the better and more efficient the service. 
As matters stand, the average seating capacity of 
the London County Council tramears is 74, and 
the average number of passengers carried is 10}. 
= ee & _ o service is 2780, and these 
take, as stated, 522 million passen r annum. 
The mileage of line traversed is 145" and the 
cost some 12} millions sterling. The motor-buses, 
on the other hand, have a seating capacity of 34, 
and their average load is eight passengers. 
the week-day service these omnibuses traverse 551 
miles of and 127 different routes. The number 
of omnibuses owned is 3525, of which no less 
than 3477 were in service on Whit Monday, 
1914, a figure which bears eloquent testimony to 
the reliability of the vehicle as at present con- 
structed. 

In this connection it should be remembered that 
all the easier lines for the establishment of tram- 
ways are already taken up, and that extensions to 
the existing system will by no means secure traffic 
in proportion to the additional expenditure. 

Sir Albert Stanley states that with roads having 
& proper foundation the motor-bus causes less injury 
than horsed traffic, and this contention is borne 
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out by the report of the Metropolitan Committee 
on Materials and Means of os the London 
Streets, issued in Jan , 1913. In this report 
the surveyors of districts having streets with good 
foundations stated that, if anything, the cost of 
road maintenance had been decreased by the ad- 
vent of the motor-bus. Of course, in other cases 
the damage done has been serious ; and it has been 
suggested that a special tax should be levied on 
the traffic accordingly. The fairest way to do this 
would, no doubt, to ear-mark for road repairs 
and reconstruction the large sums now paid by the 
omnibus companies in the shape of petrol - tax. 
This, according to a rd of Trade report, is 
equivalent to 0.008d. per seat-mile, whilst the 
cost to the tramways of the road maintenance 
for which they are responsible is stated to be 
0.007d. per seat-mile. As matters stand, however, 
the contributions made by the omnibus companies 
to road maintenance are for the main part not avail- 
able for road repair and reconstruction in the 
Metropolitan area. 

The average fare per passenger carried is 1.33d. 
on the omnibuses onl 1.01d. on the London County 
Council tramways, the corresponding expenses being 
0.94d. and 0.75d. respectively. The average dist- 
ance covered by a penny fare is 1.7 miles on the 
omnibuses, and increases uniformly with the dist- 
ance, the average length of a 3d. stage being 5.1 
miles. On the London electric railways, on the 
other hand, the fare is proportionately less the 
greater the distance. This has long been ised 
as the most logical method of fixing railway fares, 
since the terminal charges per passenger are much 
the same whatever the distance traversed, and they 
moreover constitute a substantial proportion of the 
total cost. For various reasons—of which one lies 
in the fear of trouble to be anticipated from pas- 
sengers booking to distant points, but alighting 
at an intermediate one, and selling the remainder 
of their ticket—this system has not been adopted 
by main-line railways. On the London electric 
lines such considerations hardly apply, and 
the fares are graduated accordingly. has the 
average 1d. fare stage is 1.4 miles, whilst the 
3d. stage is 5.1 miles. Possibly a still greater 
graduation than this would be adopted were it not 
for the fact that surface competition is very serious 
in the case of the shorter stages, but diminishes in 
intensity as the distance increases. The two ele- 
ments which determine travel are the cost and 
the time taken. The importance of the latter 
factor was much under-estimated in past years. 
In the London area Sir Albert Stanley states that 
experience shows that 4d. is about the fare limit, 
season tickets being preferred if the ordinary fare 
is greater than the figure stated. The time limit 
is about 40 minutes. 

It is noteworthy that the travelling habit in the 
London area a to be less developed than in 
New York, with 338 trips per head per annum, and 
in Berlin with 293. The corresponding figure for 
London is 271, but it is not certain that the basis 
of calculation is the same in all three cases. The 
London figure is that corresponding to the Greater 
London area, including the Outer Suburban 
Districts, with a population of 8,470,000, and an 
area, et to Sir Albert Stanley, of about 
2800 square miles. The density, therefore, is only 
2.1 to the acre. If the average density is greater 
for the New York and Berlin areas, the higher 
travel rate in these two cities-would be accounted 
for. As is well known, the density of population 
in the inner area of Berlin is more than double 
the corresponding figure for London. In fact, 
the ave for Berlin — viz., 130 per acre—is 
not much less than the 170 per acre of Shoreditch, 
Bethnal Green, and Southwark, which are the 
most densely populated portions of our Metro- 

olis. The co uent overcrowding in Berlin 
as raised land valet there to three times that 
of corresponding areas in London. It is, never- 
theless, to an improvement in the travel habit 
that Sir Albert Stanley looks for securing a 
fair return on the capital expended on our ur 
railways. The Tubes have, he says, cost 785,0001. 
mile, and parts of the District and Metropolitan 
ines as much as a million a mile. The average 
fare passenger on the Tubes is 1.68d., and on 
the District Railway 1.83d. It requires an enor- 
mous number of such fares to provide a reasonable 
return on such heavy investments as the foregoing. 
Another thirty journeys per head per annum 
would, however, enable the dividend to be raised 
to 4 per cent. 





With insignificant exceptions, the whole of the 
motor-bus undertakings of the Metropolis have 
been consolidated into a pool, there being but 
eighteen omnibuses outside of the combination. 
It is, however, open to any one to start new ser- 
vices, since the police are bound to license any 
vehicle conforming to their requirements. Sir 
Albert Stanley states that small independent com- 
panies confine their attention to the short central 
sections of very dense traflic, leaving the longer 
services, some of which are still unremunerative, to 
be maintained solely by the consolidated companies. 
Evidently he would prefer to work under a fran- 
chise, by which competition of this kind would be 
restricted; and in return would be prepared to give 
special cheap workmen’s services and to submit to 
a limitation of fares. The controlling authority. 
however, he very justiy observes, must not be iteelf 
a competitor, so the London County Council is 
ineligible, but a traffic control board, such as was 
suggested in 1907, would be accepted. 

In our view it is very doubtful whether an 
arrangement of the kind proposed would be to the 
ultimate advantage of the public To assume that 
the final word has al z been said on matters 
of urban transport would be exceedingly rash, 
though it may be quite true that there is at present 
no a mt prospect of any important innovation 
in oles ake. The history of the motor-bus 
development is, however, in itself a warning 
against any such hypothesis of finality. The very 
Commission which advised the establishment 
of a traffic board made other recommendations, 
based on a similar assumption to the foregoing, 
which were obsolete within a few months of their 
publication. Like others, they utterly failed to 
anticipate the extraordinary development of the 
motor-bus. Further, it has to be noted that the 
pioneering work leading to this development was 
undertaken not by the great and wealthy London 
General Omnibus Company, but by small inde- 
pendent companies, who, in fact, forced the hands 
of their old - established rival. Large bodies 
are notoriously inert, and the grant of a mono- 
poly such as suggested by Sir Albert Stanley 
would, in all probability, seriously handicap future 


progress. 

A peculiarity of the omnibus traffic is the absence 
of any very accentuated peak in its daily load. 
On a typical route the maximum load occurs at 
about 8 o’clock in the morning, and amounts to 
7500 passengers per hour, the mean for the whole 
day being about 4900. On the electric railways, on 
the other hand, there are three well-marked peaks. 
The greatest of these is also at 8 a.m., at which 
hour the passenger traffic amounts to 49,000 per 
hour; a second, but lower, maximum of 23,500 
per hour is experienced at 7 p.m., and a third 
maximum of 13, r hour at12p.m. The mean 
figure for the working day, from 6 a.m. to 1 a.m. 
on the following morning, is 14,000, so that the 
maximum is about 3} times the mean. 

Very heavy expenditure and much hard think- 
ing have been necessary to enable the railwa: 
to cope with the enormous peaks in question. In 
the old days of steam traction but 18 trains each 
way per hour could be run over the District lines 
between the Mansion House and South Kensing- 
ton. With electric traction and the simultaneous 
adoption of automatic signalling, rendering shorter 
blocks feasible, this figure was raised to 25 trains 
each way per hour. e next step taken was to 
smarten up the station staffs, so as to get the 
trains away more quickly, with the result that at 
the close of 1907 the number each way per hour 
was raised to 31. In 1908, by rearranging the 
services over the different branches at the est 
End, so as to avoid clashing, a further increase to 
35 trains per hour was effected. 

Further study showed that an alteration in the 
platform arrangements at the Mansion House would 
effect a material saving of time there, and by making 
these changes, with some modifications in the 
signalling arrangements, reducing the permissible 
headway between trains, the number of services was 
raised in 1911 to 37 in each direction per hour. 
Work was next started in constructing fly-over junc- 
tions between the main line and the various branch 
lines at the West End, and as a result the number 
of trains per hour in each direction was raised to 43 
in 1914. On the completion of schemes now in 
contemplation this figure will, it is anticipated, be 
raised to 50 per hour each way. Even so, how- 
ever, it is not ex that overcrowdi will 
be eliminated during periods of maximum loads. 





It is probably quite impossible to effect this on any 
ur railway service, since the greater the facili- 
ties offered the more rapidly the traffic appears to 
grow. 





OIL STORAGE. 


In many parts of the world petroleum tanks and 
grain elevators, in their hideous massiveness, form 
eyesores hopelessly disfiguring picturesque shores 
and pretty landscapes. The war may deliver us from 
this evil. We do not expect the improvement indi- 
cated because warriors are troubled by sxsthetic 
considerations. But petroleum tanks and grain- 
elevators are not only unpleasantly, but also dan- 
gerously conspicuous, and for that reason they will 

robably be anathematised. How petroleum tanks 

me what they are, and how oil storage might 

be modified, was explained by Mr. Herbert 

Barringer, M. Inst. C.E., &c., in a paper read 

before the Institute of Petroleum Technologists 

last Tuesday in the lecture theatre of the Royal 
Society of Arts. 

The finding of oil necessitates some form of 
storage in close owe to the well. In the 
early days rough holes of large capacity were dug 
in the ground, more or less lindrical or rectan- 
gular, the sides being lined with clay or wood, and 
a roof being made of thin iron plates supported 
on wooden rafters, or altogether of wood covered 
with asphalted felting. Mr. Barringer showed 
photographs of reservoirs of the latter type, still 
common in Galicia. Wooden tanks, resembling 
huge vats, are used to a considerable extent in 
America. But iron and steel are now the common 
materials. In this country oil arrived first in 
barrels, which were emptied into underground 
tanks, from which the oil wae again drawn into 
barrels for distribution ; the wharves of Mellish 
and Palmer, Mr. Barringer thought, were first so 
adapted over here in 1868. The advent of steam- 
ship bulk-oil carriers, however, had called for pro- 
vision of storage installations all over the world, 
and Mr. Barringer dealt with the actual problems 
of oil storage under four headings. 

Dealing first with general principles, he pointed 
out that many factors had carefully to be con- 
sidered in selecting a site: water frontage, com- 
munication by rail, &c., fire danger from the 
surrounding neighbourhood, restrictions by local 
authorities, and the nature of the ground. There 
should be ample area at disposal; the position 
of the tanks should not interfere with future 
operations ; the tanks should be surrounded by a 
bank or wall of concrete sufficiently high, so that 
the cubic space enclosed should not .be less than 
5 per cent. above the total capacity of the tankage 
within ; that was, perhaps, an unnecessarily harsh 
regulation, he thought. As a tank of 90-ft. dia- 
meter would float, empty, in 12 in. of water, good 
drainage of the site was essential, lest the floating 
tank should break the pipe-connection and valves. 
Standards with swing-pipes or hose were required 
along railway sidings and roadways, the standards 
to be charged with oil by gravitation or pumping ; 
if more than one kind of oil were to be dealt vith, 
separate pipe-lines should be provided. Steam- 
boilers were wanted, even with electric power 
installations, for preparing the barrels, heating 
the oil, and when discharging spirit. The danger 
from boiler-fires could be minimised ; the boiler- 
house, of brick or concrete, should be on a higher 
level, and entrance to it be barred by a coam- 
ing at least 3 ft. 6 in. in height, to keep oil- 
— (heavier than air) from the fires. Electric 
lighting was alone to be tolerated, of course, and 
the power and boiler-houses should be near the 
landing-stage, and as far away from the tanks as 
possible. 

Passing to the foundation and construction of 
tanks, Mr. Barringer remarked that the weight- 
bearing guy | of the soil should be carefully 
determined in the first instance, Md weighting or 
by sinking pits, and the soil should be then re- 
moved so as to allow the creation of a bed of clean 
ballast or sand, about 10 in. above the level of the 
surrounding ground, slightly higher (by 4 in. to 7 in.) 
in the centre than at the circumference, and some 
6 ft. — = the peepee ¢ me 7. 
tank might be placed on a raft of heavy oO 
engl Gastenitan ; piling might be unavoidable ; 
reinforced concrete was used ; solid concrete had 
better be avoided, as it weighted the foundations 
and was apt to break up. Brushwood and 


might answer to reinforcethe ground. A tank had 





JAN. 21, 1916.] 


ENGINEERING. 


63 








also been placed in some cases on a large steel 
disc, a layer of tarred wood, } in. thick, being 
interposed between the tank bottom and the disc ; 
wood or sand were likewise interposed when a tank 
rested on hard rock. 

The tanks were now almost universally cylin- 
drical, up to 100 ft. in diameter and 30 ft. to 37 ft. 
in height. A tank of 90 ft. diameter, 354 ft. high— 
a very usual size—would hold 1,337,640 gallons. 
The bottom of the tank should not be less than 
2 in. thick ; to save on that thickness meant 
stronger foundations, and a questionable saving. 
The sides were built in a series of rings or strakes 
of plating ; the attachment of the bottom to the 
strakes was made by an angle bar, double riveted, 
like the vertical side seams (which might also be 
treble riveted), whilst the bottom plates were single 
riveted. In order to facilitate the renewal of the 
bottom plating in cases of acid corrosion, without 
lifting the entire structure, the lowest strake of 
the side plating was, in a novel construction, 
attached to the annular bottom plating in the ordi- 
nary way, but the main bottom of the tank was 
raised and riveted to the upper flange of a Z-bar, 
the lower flange of which was attached to the 
inner circumference of the annular plate; the gutter- 
way all round the tank could be cemented. This 
design was somewhat expensive, and was subse- 
quently criticised by Mr. Anfilligoff. Mr. Bar- 
a did not recommend providing a pocket or 
well in the bottom, supplied with a pipe for drain- 
ing off any water. The roof should be domed or 
conical, the rafters being riveted to a stout 
centre plate, or it should consist of a braced 
structure. In the erection of tanks the 
bottom and lower strakes were usually riveted 
while supported on blocks or on empty barrels, 
the seams were caulked on both sides, after 
the water had been run off, and the bottom 
examined for leaks from below ; the bottom was 
then lowered on to the bed, large tanks being 
braced during this operation. Walking on the 
slippery roof being dangerous, stanchions and hand- 
rails should be provided all round, Mr. Barringer 
continued, and hand-rails should also lead from 
the centre of the top to each of the four man- 
holes. These stanchions and hand-rails could 
serve as lightning-conductors, but the tank should 
be well earthed. Gauge-glasses on the outside 
were not reliable, particularly when exposed to 
the sun, also because the tanks were frequently 
out of plumb. 

Coming to testing and other details, Mr. Bar- 
ringer recommended leaving painting (outside) until 
the mill-scale had been removed by rusting. Heavy, 
viscous oils required to be heated by water or steam- 
pipes. Tanks for petroleum spirit were sometimes 
made air-tight and joined to a condenser, from 
which the spirit distilled over was pumped back ; in 
temperate climates, however, the results hardly 
justified the expenditure involved. Nor were water. 
cooled roofs, introduced together with many other 
features from America, of much utility ; to sup- 
port the roof by a cantral pillar was of questionable 
advantage. To build tanks into rock excavations, 
as was done by one firm in the Midlands, did not 
seem advisable either. The accurate determina- 
tion of the capacity of a tank was very necessary 
and required many steel-tape measurements. The 
amount of water present was estimated with the 
aid of apparatus, consisting of a sinker - weight 
carrying a strip of chemically-prepared paper, 
which was lowered in several positions ; in the case 
of viscous oils, pointed weights should be used. 
Convenient apparatus of this kind have been intro- 
duced by Mr. Robert Redwood, who showed them 
at the end of the lecture ; his paper is coloured red 
with ferric citrate of ammonium, which turns 
white in the water. 

As regards machinery, Mr. Barringer stated it 
was good practice to fit an internal swing - pipe 
inside the tank, working in a packed socket, with 
a flange connected to the side of the tank —— 
a distance-piece to a valve fitted outside the tank ; 
the inner end of the pipe could then be raised or 
lowered with the aid of a worm-driven winch and a 
wire passing over the outer edge of the tank, and 
oil could be withdrawn from any level in the tank. 
The end of the swing-pipe was fitted with a flexible 
metallic tube and a Sooiiee coil. Internal drop- 
valves were apt to give trouble, and inlet piping, 
carried up to the top of the tank outside and 
then down inside to the bottom, required another 
inconvenient connection for drawing off, to be 
fitted at the lower part of the tank. The con- 





nections between piping and tank were liable 
to strain the piping, as the ground under the tank 
was frequently overloaded. The strain could be 
avoided in several ways: by the use of elbows so 
designed that movement was taken up at the 
screwed joints; by a yielding coil construction 
dispensing with joints ; by copper connecting-ben 
which were expensive, however; and by flexible hose. 
The main delivery-pipe should be of ample dia- 
meter, and might well consist of several pipes. Vis- 
cous oils had to be heated while flowing through the 
pipe ; that might be done by the aid of an internal 


gen go: which might break or leak, however. 
It was better, therefore, to run one or several 
steam-pipes outside the pipe-line, clipped to the 


lower side and covered with a sheet-iron guard, 
carried half-way round and lagged. Long pipe- 
lines exposed to the sun required relief-valves. All 
pipes should be kept above oy so far as 
mer pro and rest on cement blocks, but not be 
xed to them ; expansion loop joints were prefer- 
able to packed expansion - sockets, though not 
sufficient for hot oil flow. The pipe material should 
be mild steel, lap-welded, without flanges, especially 
where different oils were to be dealt with; the line 
to the ship should be emptied with the aid of an 
air-pump and receiver before taking in new oil. 

As regards pumps, Mr. Barringer advocated 
pumps with by-pass, easy to reverse, of the direct- 
acting duplex or simplex types, or three-throw 
geared pumps if driven by electric motors or internal- 
combustion engines ; he had no objection, however, 
to high-lift centrifugal pumps, which Mr. Dally 
afterwards recommended. The generally favoured 
valve was the full-passage through-way-gate valve, 
brass-faced. Filters were made of wire gauze, 
in duplicate frequently, so that they might alter- 
nately be cleaned ; they should be of ample area. 
Compressed paper, red fibre and litharge formed 
the best materials for flange joints. With respect 
to fire protection, Mr. Barringer mentioned the 
froth mixtures (soda aluminium sulphate, and 
liquorice, or some other organic compound) which 
we have noticed ; but he did not speak of per- 
sonal experience. Asa rule it was safe to let a tank 
fire burn itself out. 

Mr. Barringer’s remarks under his fourth head- 
ing, on existing installations, were curtailed by 
the political situation. Rapid delivery called for 
lines of exceptional size, and that was now an im- 
portant feature, especially in Admiralty work, with 
which he was closely associated. He referred in 

rticular to the storage of petrol. The petrol, so 
argely wanted now both in town and country, could 
be stored underground and the tanks be covered 
with concrete ; all the spirit would have to be 
pumped, as the canning-sheds were above ground ; 
the pumps should be duplex, compressed-air 
machines, driven by automatically - controlled 
electric motors, which would keep the pressure in 
the air reservoir between 30 lb. and 601b. per 
sq. in.; all petrol piping should be laid in concrete 
trenches filled with sand and 4in. of cement, 
covered by iron chequer-plate ; for jointing, red 
fibre and litharge had again given good results. 
Lights in the sheds, &c., should be placed outside 
the windows and fitted with reflectors. 

The storage of lubricating oil was less difficult. 
The oil had to be freed of water, which made the 
oil cloudy, and this could be done by — 
the oil in a special tank and by introducing hea’ 
compressed air into the oil ; the air-bubbles rising 
absorbed the moisture, and discharged it as steam. 

Mr. Barringer finally drew attention to a 
novelty—subaqueous storage and also transport 
of oil—due to Messrs. Doxford, of Sunderland. 
It was desirable, he said, to keep the location 
of the stores secret, and, as Sir B. Redwood, 
the chairman, pointed out, to change the posi- 
tion of the stores occasionally, and, further, to 
protect the oil from guns and air-craft. That 
was effected by storing the oil in cylindrical vessels 
with hemispherical ends, kept under water at the 
bottom of a harbour. This barge-tank, 150 ft. long, 
30 ft. in diameter, would carry 2400 tons of liquid 
fuel, and could be submerged with the help of ballast- 
ing compartments at both ends. From each oil 
compartment three connections were led to the 
valve-room—one for ballasting, one for dealing with 
the oil, and one for admitting or expelling air. To 
bring the vessel up from the bottom, comp: air 
was introduced in order to force out about 30 tons 
of ballast water ; sometimes oil or water could 
simply be pumped out with the help of a flexible 
hose to al. the vessel rise. When the barge was 


ds, | avoided. Messrs. 


to remain at the bottom, water was allowed partly 
to replace the pumped-out oil; oil and water then 
came in contact with one another, but by fittin 
the sea-valves and pump sections well apart, an 
by introducing baffle-plates in the way of the pump 
suctions, any mney, Toe the two liquids could be 
xford had also designed a 
cylinder, 450 ft. long, 50 ft. 9 in. mean diameter, 
capable of containing 20,000 tons of oil at 39 cub. ft. 
to the ton. This vessel was designed on the Jack- 
Doxford balanced-pressure system, and was intended 
to float, moored in the harbour; it would sink 
more and more as water took the place of the oil 
discharged, but would remain afloat, a channel in 
the centre, running the whole length of the vessel, 
giving the reserve aay all the valves were 
operated from this space. By this arrangement all 
bending moments in the structure were elimi- 
nated ; it was ballasted with pig-iron and cement. 

These submersible barges were also commercially 
interesting. The barge could be brought along- 
side a tank steamer or ship when there was no 
shore accommodation nor time to s ; and, with 
the increasing use of liquid fuel on board, the need 
of such ready temporary installations would become 
generally felt. Messrs. Doxford had, moreover, 
gone one step further. Mr. Barringer showed a 
model of a steel to be towed across the 
Atlantic. It represented a long cylindrical body, 
without keel (though bilge-keels might be added), 
provided with a short bow and a short stern, to 
carry 6500 tons of oil at 284 ft. draught. This 
vessel could be towed by a ship with the aid of a 
bridle line; wind and waves woul not greatly disturb 
such a cylinder, which would not require any steering 
in the open sea, though navigation in closed waters 
would be difficult. As the barge would always carry 
its own lights, it would not be a danger to shipping, 
even if the towing-line should break and the barge 
drift about. 

That such transport was not unusually risky 
was pointed out by Sir Boverton Redwood. The 
Standard Oil Company had first sent a barge, 
charged with 6000 tons of gas oil, in tow of the 
Troquois, across the Atlantic ten years ago, and 
had hardly had to interrupt that service since. 
As regards lightning, Sir Boverton would stretch 
barbed wires about 2 ft. above the top of the tank, 
between uprights. The raising and displacement of 
petrol spirit by the aid of water did no longer offer 
any difficulty ; it was easy to avoid both deliver- 
ing any water with the spirit and discharging any 
—_ into the drains together with the water. 

r. Anfilligoff, to whom we have already referred, 
commented on several other points. He did 
not like outside elbows, which were liable to 
rusting, and he certainly preferred heating the 
oil in the pipe by an internal steam-pipe; if 
the pipe were solid-drawn, not welded, only 1 in. 
in diameter, tapering at the ends, and fitted into 
sockets, no bursting and trouble from expansion 
need be feared. Straight expansion joints were 
indispensable for pipes conveying hot oil. He 
would not dry lubricating oil by forcing hot air 
through it, especially not Russian oils, which con- 
tained alkali, and Texan and American oils, which 
were far too sensitive and turned black when 
breathed upon. He also deprecated the use of 
compressed-air machinery as expensive and likely to 
cause trouble by giving deposits of ice or of hardened 
oils in inconvenient places, especially in blended 
mineral and vegetable oils. Mr. McDougall related 
how he had converted 40 ft. of liquid mud by em- 
bedding stones in it into a suitable foundation. 
Mr. A. Duckham also made several suggestions ; 
he would replace the iron chequer-plates by wood, 
to obviate accidental sparking, and had found com- 

ressed paper and shellac a good jointing material. 

e new floating-tanks were undoubtedly the mst 
possey ry ng me of the discourse ; but we are not 
sure that Mr. Barringer will be able to publish the 
diagrams which he exhibited. 





THE BALANCING OF PETROL-MOTORS. 

WHEN we study the construction of the ordinary 
vertical four-cylinder petrol-motor, as used in 
motor-cars, motor-lorries, motor-boats, &c., it is 
rather surprising to note how seldom balance- 
weights are used for the cranks. With the usual 
disposition of the cranks the engine is balanced as 
a whole as regards the pri forces, and the addi- 
tion of balance-weights to the cranks would not 
therefore affect the vibration of the car. The 





engine is, however, only balanced as a whole by 
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the balancing of one crank by another, and a study 
of the forces will show that the absence of balance- 
weights entails very heavy stresses and pressures 
on the various . 

In considering the effect of balance-weights, it 
must be borne in mind that the greater proportion 
of both the stresses on the and the pressures 
on the bearings is eaused by the inertia forces, 
especially in the fashionable type of motor-car 
engine which runsat a very high speed. The ordi- 
nary motor-car crank-shaft with five bearings is 
shown in Fig. 1. As regards the primary force, this 
is in perfect balance, for the forces acting on the 
two middle cranks are opposite in direction to the 
two end ones. If we consider the crank-shaft as 
divided in the middle into two pairs, each pair has 
a rocking moment; but as these are in opposite 
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directions, they balance each other. Unless the 


shaft is made with only two bearings and stiff 
enough not to spring (which is not usually the case) 
it must, however, be kept in line by the main bear- 
ings, which therefore take the whole of the pres- 
sures due to these rocking moments and communi- 
cate them to the crank-case. These pressures are 
due to the various inertia forces and consist of :— 
1, The inertia forces due 4o the piston and other 


reciprocating parts. 2. The centrifugal force of 
the 1 re crank-pin and crank-webs. It is ob- 
vious that these can be balanced to the same extent 


on & motor-car engine gs on any other by fitting 
balance-weights opposite the cranks, as in Fig. 2. 
It is, of course, impossible in this way saeiedie to 
balance the reciprocating parts, for if the balance- 
bay balance them perfectly at half stroke they 
would themselves be unbalanced at the top and 
bottom of the stroke. For this reason the best 
compromise that can be effected is usually to balance 
the whole of the rotating parts and half the 
reciprocating parts. 

Tn order to see what is the actual effect of the 
want of balance-weights, we may take an indi- 
vidual engine as an example, and compare the 
forces acting on the bearings in an unbalanced 
shaft and in one with suitable balance-weights. As 
an example, we may take an engine of modern pro- 
portions—say, 95 mm. in diameter, 140 mm. stroke 
(3} in. and 5} in.), running at 2000 revolutions per 
minute. Such an engine will have reciprocating 
parte weighing some 24 lb., while the rotating parte 
will weigh about 7 lb, 








Fig. 1 shows the 
retically be produced on the main 
the inertia forces of the above weights with the 
two middle cranks at the bottom of the stroke. It 
will be seen that they are very corisiderable, the 
pressure on each of the end bearings being about 
15 cwt, while that on the mid bearing is 
a good deal over 1 ton. If we balance the crank- 
shaft by means of balance-weights on the crank- 
webs, totalling 8} lb. for each cylinder, we get the 
pressures shown in Fig. 2, which are obviously 
very much less, that on the middle ing being 
reduced to about one-tenth. Similarly, when the 
two middle pistons are at the top of the stroke, 
the pressures on the bearings will be as shown in 
Fig. 3 with an unbalanced crank, and as in Fig. 4 
with a balanced one. Here the pressure on the 
centre bearing is reduced from 3170 Ib. to 510 lb., 
and on the two end bearings from 1440 lb. to 110 1b. 

At half stroke the pressures on the bearings are 
simply those due to the centrifugal forces of the 
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rotating parte, and are shown for the unbalanced 
crank in Fig. 5. In the case of the balanced crank 
the pressures on the bearings are due to the fact 
that the balance-weights are heavier than the 
rotating parts of the crank-pin, &c., and are there- 
fore y unbalanced themselves; these are shown 
in Fig. 6. It will be seen that in the case of the 
balanced shaft the pressures are leas than one-fifth 
of those of the unbalanced shaft. 

In the above calculations no account is taken of 
the working pressure on the pistons, and the 
inertia forces alone are considered. In practice 
the engine would seldom be run at the assumed 
speed without some explosion pressure in the 
cylinders. In a motor-car such a condition of affairs 
might take place if the car were run down hill with 
the engine in gear. 

The a pressure will depend largely on 
how much the throttle is opened: Most modern 
cars have enough power to do the greater part of 
their work with the throttle only partially open, 
in which case the explosion pressure will only be 
very moderate. Assuming a maximum pressure 
of 300 lb. per sq. in., the ure on the un- 
balanced crank will be as Fig. 7, and of the 
balanced one as Fig. 8, with No. 1 cylinder firing. 
Figs. 9 and 10 show the pressures on the unbalanced 


and balanced cranks when No. 2 cylinder is firing. 

In considering the modifying effect of these 
explosion pressures, it must be remembered that 
the maximum pressure only ocours at the explo- 
sion point, and very rapidly falls, while the pres- 
bearings at half stroke are not mate- 


sures on the 





rially changed by the explosion pressures. Hence 
the inertia pressures are much the most important 
factor in producing wear in the bearings. 

In an engine of the three-bearing type the 
balancing can usually be somewhat simplified. Thus 
Fig. 11 shows such a shaft balanced as above. It 
is obvious that the balance-weights A, A, bei 
exactly opposite B, B, the balance is not aff 
by doing away with both of them, the crank-shaft 
being then as Fig. 12. 

In estimating the above pressures it has been 
assumed that the bending moments on the shaft 
are resisted entirely by the bearings. It is obvious, 
however, that if the shaft were absolutely rigid, 
the pressures due to inertia would almost balance 
each other, and the bearings would only be subject 
to the resultant. In practice the rigidity of the 
shaft probably has some considerable effect in modi- 
fying the pressures due to the unbalanced inertia 
forces, the amount of this modification depending 
on the relative rigidity of the crank-shaft to the 
bearings and the thickness of the oil-film. 

It is probably partly to secure more rigidity, and 
therefore to reduce the ssures on the 
that the crank-shafts of modern car motors are 
made so enormous in proportion to the diameters 
of the cylinders. It appears, however, that it 
would be much better practice to balance the crank- 
shaft properly. In this case the pressure on the 
bearings and also the stresses on the crank-case 
could considerably reduced, and therefore a 
lighter shaft and crank-case could be used. The 
wear on the main bearings would be less and the 
engine could therefore be reduced in length. It 
would also not be n to make the crank- 
case so rigid, and therefore it could be much 
lighter. : 





NOTES. 
MeEttrinc-Points AND TRANSITION PHENOMENA. 


For the investigation of the behaviour of potas- 
sium salts, Ernst Jinecke, of Hanover, recently 
devised an electrically - heated press which has 
proved very convenient for the determination of 
the melting-points of salts and salt mixtures, and 
for the study of the transition phenomena of salts, 
metals, and alloys. Some of the data, published 
in a series of articles in the Zeitschrift fiir Phy- 
sikalische Chemie, vol, xc., pages 257 to 339, 
September, 1915, confirm previous observations; 
some are quite new and of considerable interest. 
The substance to be experimented with is com- 
pressed in a vertical ied egitndes, 140 mm. long, 
30 min. bore, and 80 mm. external diameter. A 
plunger enters the upper end of the cylinder, while 
the lower end is occupied by three fixed perforated 
cylindrical blocks, one above another, so arranged 
that liquid can escape through them while solid 
matter is retained, the substance under test bei 
on the upper of the three cylindrical blocks an 
below the plunger. Calling the plunger B, and the 
three blocks respectively C, D, and E, C is provided 
with an axial bore, 4 mm. in diameter, which opens 
out near the bottom, so that the cross-section of 
the bore is an inverted T. When the substance 
is melting, part of it is squeezed out through 
this T bore, and escapes through three vertical 
= in D into E, which is a hollow cylinder. 

t, however, solid particles should drop down 
into E, the three vertical ports through D are 
made, not in the central axis of C and D, but on 
the circumference of the T-bore, so that only 
liquefied matter finds its way through D into E. 

en some liquid escapes, the pressure in the 
press diminishes, and this pressure change is re- 
corded by the pendulum manometer of Gebriider 
Amsler, of Schafthausen, who constructed the press, 
which admits of using pressures of 30,000 kg. il 
is com in a branch pipe (of ong) of the 
— and this oil deflects a weighted lever ; 
ainecke describes this gauge, which is reliable 
within 0.05 per cent. at a pressure of 700 kg. 
per sq. cm. (9956 Ib. per sq. in.), as a most essen- 
tial part of his apparatus. A chrome-nickel re- 
sistance furnace can be slipped over the press, 
within its frame, and the temperature of the 
cylinder read off on a thermo-couple fitted into 
a bore of the outer steel cylinder. If there 
were really no friction, and if the press were 
hermetically tight, the observed pressures and 
temperatures would directly yield P T curves ; as 
it is, some calculations are required, but the con- 
cordance of the results and their agreement with 
other data speak well for the apparatus and method. 
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Janecke first determined the melting-points of 
salts (gypsum, soda, borax, barium chloride, copper 
sulphate &c.) which give up all or part of their 
water of crystallisation when fusing; ecarnallit (an 
important potassium salt, KOl . Cl,, 6 H,0, 
(from Stassfurt) fused at 168 deg. Cent., and 
yielded crystals of KCl alone. Then transition 
points were studied, first of nitrates (K, NH,, Ag), 
already investigated, and then of binary mixtures 
KCl-NaCl and AgCl-NaCl). In this latter case 
it was found possible to obtain, for the first time, 
complete diagrams of condition. The mixture 
KCl-NaCl has a minimum melting-point below 
which the mixture should ‘ unmix ”—i.e., the 
constituents should crystallise separately. This 
was known to hold for KCl-NaCl, but not yet 
known to hold for AgCl-NaCl, and the a 
separation curve of any isomorphous binary 
akene had never before been plotted. Finally, 
Janecke investigated the transition points of 
metals and alloys. He believes with E. Cohen 
that metals like tin, bismuth, antimony, lead, 
cadmium, copper, silver, and very probably 
many others, exist in different allotropic modifica- 
tions, and he confirms most of the transition 
points of Cohen and others ; the transition of 
silver into’ an allotropic modification at about 
120 deg. Cent. had been suspected from thermo- 
electric studies, but not been otherwise established. 
But he differs from Cohen as to the theory, pre- 
ferring, with A. Smits, to base his arguments on 
the ‘‘ thermodynamic potential.” Transitions are 
rarely marked, on his diagrams and heating and 
cooling curves, by quite sudden jumps ; more fre- 
quently the change extends over a certain time 
interval, and the transition temperature is found 
by determining the intersection of the produced 
straight branches of the curves. 


SeconpaRy Metats IN THE UnriTED SratTEs. 


The importance of secondary metals—i.e., metals 
recovered from scrap, sweepings, skimmings, dross, 
and other waste—cannot easily be estimated from 
statistics. A good deal of what is styled ‘‘ waste” 
unfortunately remains waste, and is simply allowed 
to rust and rot without benefiting anybody. On 
the other hand, a considerable amount of secondary, 
not rarely fairly pure, metal forms a valuable raw 
material for further utilisation. How much scra 
iron is actually re-melted, and how much gold is 
recovered from old jewellery, sweepings, and 
photographic and dental waste, in the mints as well 
as in private establishments, it would be difficult to 
say. The statistics —— the recovery of 
secondary metals in 1914, which J. P. Dunlop has 
collected for the United States Survey, do not give 
these figures, and they acknowledge that the data 
relating to other me may not reveal more than 
half of the actual waste-metal trade. Yet those 
data, published in Paper I : 2 of the United States 
Geological Survey, as a reprint from the Mineral 
Resources of the United States, are interesting. 
ann * - coe — it is stated, were 

e at the irning of 1914, prices low, and 
the trade, hence, smaller oh te 1913; the 
prices improved, however. The recovery of lead, 
zinc, copper, tin, antimony, and aluminium aggre- 
gated 287,000 short tons, and the prices paid 
were only slightly lower than those for primary 
metals. The real figures are no doubt much higher, 
and that the importance of the waste-metal trade, 
and of the proper handling, grading, and classifying 
the metals, is now in the United States 
is shown by the fact that a National Association 
of Waste-Metal Dealers was founded in 1914, which 
adopted a standard classification in December last. 
Exclusive of gold, silver, platinum, iron, steel, and 
ferro alloys, the value of secondary metals recovered 
in 1914 amounted to 57,000,000 dols., against 
72,800,000 dols. in 1913—we give round figures. 
The industry is concentrated in the north-eastern 
section of the States, comprising Chicago and St. 
Louis, and a not inconsiderable number of the 
works: concerned refine only secondary metals. 
The total quantity of copper recovered in 1914 was 
127,883 tons ; this estimate is made on the assump- 
tion that the re-melted brass had an average 
copper content of 70 per cent., and it repre- 
sented 16.7 cent. of the primary copper pro- 
duction of the year. All but 16,000 tons were 
recovered in plants dealing only with secondary 
metals. The amount of lead recovered was 
61,000 tons, being 11,800 tons less than in 
1913. The decrease was most noticeable in alloys 
(8000 tons), and largely due to slackness in 





engine Ps ores are tabulated, whilst others show 
the useful stroke of the fuel-pump at various loads, 
and give the dimensions required for scavenging- 
pumps. A — a Ba the ene 
oy oe pe over of engine parte w 

* professor Supino’s book will peal with special 

essor Supino’s ill a with speci 

force to those who wish to make : serious study of 
the Diesel engine as a piece of mechanism, and 
- merely as ‘‘a vile > 9p well sm Py (~ 

ementary principles o! ermodynamips. e 
thermodynamic side of the subject receives, of 
course, adequate treatment ; but the special value 
of Professor Supino’s work consists in the succees- 
ful way in which he has attacked the more diffi- 
cult kinematic and mechanical problems involved. 
In most cases these have to be solved by practical 
experience, the results of which are zealously 
guarded as valuable trade secrets. Those new to 
the Diesel engine will accordingly find invaluable 
Professor Supino’s treatment of such problems as 
those involved in the o ion, timing, and revereal 
of the valves. The whole of this exposition is ade- 

uately assisted by numerous and well-chosen 
illustrations. 

It is unfortunate that, in the past, enthusiasm 
has led engineers to express views far too opti- 
mistic regarding the immediate future of the Diesel 
engine, and this procedure has had a detrimental 
influence upon p . Throughout the work 
under review, it is pleasing to be able to state that 
whilst the lines of future are clearly indi- 
cated, and its possibilities by no means ignored, yet 
a conservative note is maintained with regard to the 
feasibility of so developing the type as to adapt it 
to the development of very hy powers. 

In the various chapters of Part I., the general 
theory of the Diesel engine is sufficiently and 
clearly indicated, and the calculation of cylinder 
dimensions is explained. Fuels and the suitability 
of oil-engines for various duties, with their advan- 
ta: coll Ssiatnaen are also discussed. 

‘art II. deals with the component units of 
the engine and their proportioning. In Chap- 
ters 7, 8, and 9 bed-plates, crank-cases, engine- 
framing, cylinders, crank-shafts, connecting-rods, 
pistons, cylinder-heads, valyes, and fuel-injection 
valves are dealt with ; and of particular merit 
are the illustrations, calculations, and discus- 
sion dealing with pistons, cylinder-heads, valves, 
and fuel-injection valves, all unite of vital import- 
ance to the Diesel engine. In calculations of stresses 
it has to be borne in mind that there is no certain 
& priori method of determining safe working 
stresses in a new type of machine. In proportion- 
ing parte, foundry and machine-shop ice and 
experience with similar engines must always weigh 
heavily with the designer of the iron castings of 
engines which are subject to stresses and strains 
due to expansion by heat. Nevertheless, the 
discussion of the stresses consequent upon the 
pressures due to the working cycle are very valu- 
able, and these have been carefully formulated 
and exemplified to serve as a basis for initiating 
designs, and for a comparison with the results 
observed in practice. 

In Chapters 10 and 11 it is shown that when 
the functions to be accomplished by the cylinder- 
valves and the timing of the operations are under- 
stood and laid down, the design of a suitable 
to actuate the valves is no very abstruse problem. 
With this as an introduction, the principles in- 
volved in reversing the engine are explained, and 
as examples all the well-known reversing gears are 
taken in turn and compared with first principles. 
The following chapter, No. 12, is of special 
interest, dealing, as it does, with the design of 
fuel-injection pumps and fuel-regulation. Itis not 
easy to obtain a complete and a clear understanding 
of this subject, and in this work thirty di 
and many calculations are given with the object of 
treating this subject in a detailed and a definite 
way. 

Subsequent chapters are devoted to a discussion 
of the accessories to the Diesel engine, such as 


compressors, air - reservoirs, ourengeg, : pampe, 


ws operations ; the chief sources of old lead 
were old pipe, cables, batteries, lining of acid 
tanks, further babbitt and metal ; the 
secondary lead formed 11.3 per cent. of the 
primary refined lead. The output of secondary 
zine (including that in brass) was 71,642 tons, 
equivalent to 20.3 per cent. of the primary zinc 
production ; more than 20,000 tons of zinc were re- 
distilled from drosses and skimmings; three 
smelters in New Jersey, New York, and Penn- 
— which confine themselves to drosses and 

immings, use large graphite retorte of 600 Ib. 
or 800 1b. capacity, ins’ of the small clay retorts 
of smelters who treat ore or ore and drosses. The 
production of secondary antimony was 2646 tons, 
all but 1 ton coming from alloys ; there is hardly 
any antimony ore, mined in the country, smelted 
in the United States, and the 2646 tons represent 
35.2 per cent. of the imported ore. Neither were 
domestic tin ores smelted in the United States 
in 1914, though concentrates went from Nome 
(Alaska) to Singapore ; the 12,447 tons recovered 
represented 26.2 per cent. of the imports; tin 
scrap left the works as tin oxide, putty powder, 
and chiefly as chloride, both stannic and stannous ; 
some electrolytic tin powder went to secondary 
smelters. Large quantities of tin scrap and cans 
were utilised in the Western mines for the pre- 
cipitation of copper from mine waters ; the real 
agent in this precipitation is, of course, the iron, 
and the tin is lost. The recovery of secondary 
aluminium in pig or alloys amounted to 4522 
tons ; nearly all the alloy was one of 92 cent. 
of Aland 8 of Cu. Most of the secondary aluminium 
came from clean clippings and borings, and was 
used for making castings ; aluminium re-melted from 
clippings is not utilised for rolling sheet metal, 
lest the superficial oxidation of the old surfaces 
should cause splitting. 







































































LITERATURE. 


> 
Land and Marine Diesel Engines. By Professor Giorcio 
Surino. Translated by Eng. Lieut.-Commander A. G. 
Bremner, R.N., and James RicHarpson, B.Sc. (Lond.), 
A.M. Inst. C.E. Published by Charles Griffin and Co., 
Limited, London. [Price 12s. 6d. net.] 
Ir is remarkable that in spite of the great strides 
made within the last few years in the construction of 
Diesel engines, and the consequent interest shown 
in this of prime mover, a good text-book 
in English has not been forthcoming before this. 
There are text-books, of course, but these generally 
cannot be relied upon as guides to Diesel engine 
ractice, and merely give a somewhat su cial 
insight into the general working principle of the 
type. The reason for this want of a good text- 
book is probably as stated by the translators in 
their rol :—** The time has not come, however, 
for a record based solely on British experience. In- 
deed, most of the British firms building oil-engines 
have, so far, based their practice on Continental 
systems. This is particularly the case with marine 


engines.” 

_ Supino, the author, is an Italian engineer 
of high repute who has made a special study not only 
of the theory, but of the construction and running, 
of oil-engines, and his text-book is widely accepted 
on the Continent as a standard work. e choice 
of this work for translation is, then, Fg 3 220 
happy, and in the translation made by Eng. Lieut.- 
Commander A. G. Bremner, R.N., and James 
Richardson, B.Sc. (London), A.M. Inst. C.E., of 
Scotts’, Greenock, the one more particularly versed 
in the performance of Diesel engines, and the other 
with their design and construction, the ideas and 
the lucidity of exposition of the author are faith- 
fully retained. 

The impression that this volume gives is that 
the theory and the practice are well intermingled, 
and the profuseness of illustration, so important a 

int when the many important details of the 
Diesel engine are considered, is well above the 
average of this class of text-book. The engravings, 
which cover the field of the general arrangement of 
engine, piping, and auxiliaries, of all the age a piping, &c., and of the buildings an 
details of valves, valve-gears, and include also| tions of land plants. A special cha deals with 
many diagrams elucidating theoretical principles, | marine installations and another with questions of 
comprise 19 plates and 380 other illustrations, | tuning-up, test-bench, and acceptance trials. Of 
There are, moreover, seven useful tables. Of|i 
these, one is devoted to a comparison of the floor 
areas occupied by suction-gas plants and Diesel 
— respectively. In another the cylinder 
volu 


engines, of Lloyd’s Register of Shipping 
me and rates of revolution adopted in marine- 
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of Shipping. We believe that we are correct in 
stating that in the compilation of these a pioneer- 
ing part was played by one of the translators of the 
present volume. 

Professor Supino’s work was clearly written in 
the first instance, and he has been extremely fortu- 
nate in his translators. The fact that both are 
recogaised as specialists in Diesel-engine design and 
operation will probably go far to secure general 
assent to the nomenclature for the component details 
of the Diesel engine which they have adopted in 
their translation. 

In connection with the metric system we quote 
from the translators’ preface :—- 

** In the original work, calculations, dimensions, 
&c. are given according to the metric system. In 
this issue, British units are added where these tend 
to a readier understanding of the text. Calcula- 
tions, however, have not rn converted, as these 
appeal to the more expert reader, who is doubtless 
conversant with the metric system. A conversion 
table has been appended.” 

The value of the work is substantially enhanced 
by a comprehensive index. 





Les Cables Sous-Marins Allemands. Par CHARLES LESAGE, 
Inspecteur des Finances, Professeur a |’Ecole des 
Sciences Politiques. Paris: Plon-Nourrit et Cie. 
1915. [Price 3.50 francs. ] 

Tus work was written and ready for the press 

before the outbreak of the war which has demon- 

strated the sincerity of the Eutente Cordiale and 
united more closely the interests of the two nations. 

As no satisfactory reason is given for delaying the 

se em or the selection of the precise moment 
or ite issue, it is idle to speculate on the motives that 

have guided the author ; but the book is perhaps 
the more valuable, as it may be supposed to exhibit 
the attitude of the French mind towards the legiti- 
mate ——— of this country at a time when 
unexcited by abnormal conditions. The author 
writes coldly, and if there is no explicit dis- 

a of the policy adopted and pursued by the 
glish companies in the management of their 

submarine telegraphic communications, there is 

evidence of irritation or bitterness at what is de- 
scribed as ‘‘ I'hégémonie telegraphique de 1’Angle- 
terre,” ‘‘le monopole britannique,” and similar 
expressions. A main object is to show that 
Britain has been worsted in the industrial warfare 
with Germany, and it is impossible not to recog- 
nise the veiled satisfaction with which the author 
claims that German ambitions are on the point of 
being attained. ‘* Des aujourd’hui, en presence des 
résultats acquis, on peut dire que, sur le terrain 
restreint de combat qu’offrait l'industrie tele- 

— les Allemands ]’ont emporté.”’ 

t’is intimated that Germany was unduly ob- 

structed or hampered in her industrial development 
by having to use English cables in her communi- 
cations with America, and her nascent colonies, and 
was obliged to seek independent means for secur- 
ing the spocty and accurate delivery of her mes- 
sages. There is no question but that Germany 
was quite within her rights in providing additional 
cables, and in asserting those rights she proved 
herself alert, enterprising, astute and successful. 
She is entitled to the tempered congratulations 
that M. Lesage offers on the result of a policy she 
steadily pursued, having for its culmination the 
emancipation from British domination. Germany’s 
grievance is not so apparert to us asto the author, 
whose strictures and criticisms we accept as those 
of a candid friend. If he wounds our self-com- 
placency, his censure falls at times no less harshly 
upon his = rae, and — we must 
not complain, if he recognises rather grudgi 

the efforts and the sacrifices English weleatioe ek 

capitalists made in order to carry submarine tele- 

graphy to a successful iseue. The author aimed at 
pes a position of detachment, and, perhaps, 
e has not been unsuccessful. 

The author does not touch upon the technique 
of cable manufacture, or on the shipping and laying 
of the finished uct. Heis engrossed solely by 
the political and financial problems, and the devices 
for overcoming the difticulties that are raised 
rivals or opponents. He emphasises the important 
part that submarine telegraphy may be made to 
play in the expansion of nations, and shows how 
Leben 2 ie tous _— of Europe have 

istur y ‘or new cables, how 
the artificial grou he et Powers has been influ- 
enced, and how a distrustful jealousy has formed 
new combinations and sought fresh alliances. In 





sufficient detail, and with great clearness, the 
author traces the steps by which, in spite of oppo- 
sition from + Germany, through her dogged 
perseverance, by the —-, of her diplomacy, 
and by the careful manipulation of her home 
resources, has achieved success. Doubtless she 
has been urged towards her goal 4 her envy and 
jealousy of this country. She has known how to 
turn to account the latent, but profound, hatred 
that permeates all classes of society, and armed 
with this spur to her activity, she has established 
a firm and secure telegraphic link that unites and 
gives additional strength to the military and com- 
mercial forces scattered throughout the globe. 
That we have been the principal antagonist and 
have suffered most by her rivalry must not blind 
us to the magnificence of the effort she has made, 
or prevent us acknowledging the efficacy of the 
machinery she has employed. Let us remember 
that Germany was late in entering into competition, 
she had to gain her experience and train her men, 
nevertheless in all the submarine connections Ger- 
many has effected in the last eleven years, the 
cables have been made in her own country, carried 
on German ships built for the purpose, and 
operated by German workmen. Only by appre- 
ciating the extent of the work achieved can one 
grasp the importance attached by the Government 
to the construction of this submarine network of 
cables, and the vigour of the effort destined to realise 
the ambitious conceptions of the Emperor. 

The mere length of the cable submerged within 
the last fifteen years, 38,000 km., tells us much, 
the considerations of the routes much more. At 
the beginning of this century Germany could com- 
municate with her emigrants on the American 
continent and with her African colonies only by 
English cables ; she possessed no telegraphic com- 
munication with the Polynesian Islands that she 
had purchased or acquired by agreement. Kiao 
Tchau could be reached only by borrowing the 
telegraphic routes in the hands of either the British 
or the Russian nation. At the commencement of 
the war Germany was connected to the United 
States by two cables passing through the Azores, 
and with Brazil by the Borkum-Pernambuco cable. 
Togo and the Cameroons had been for some time 
joined to her telegraphic network, and an. gare had 

m made to bring German South-West Africa 
into independent communication with the parent 
country. In the Pacific Ocean, cables starting 
from the colony of Kiao ‘I'chau, and passing by the 
Caroline Islands, were joined to the neutral Trans- 
Pacific American line, while the other colonies in the 
Eastern Ocean, by availing themselves of the wire- 
less equipment, were in touch with the same trunk 
cables. More than this, the expansion of com- 
mercial activity and the acquisition of political 

tige required, or were thought to require, 
irect communication with Constantinople and 
Egypt, and through the kin1i offices of Roumaniaa 
cable was carried through the Black Sea, dispens- 
ing with the assistance of stations in the possession 
of actively competing countries. We may say here, 
en passant, that before the war all these schemes 
paid the shareholders very good dividends, and in 
cases where the State was prepared to subsidise an 
undertaking such assistance has rarely been needed. 

The mechanical work, onerous as it has been, 
and necessarily —— heavy financial transac- 
tions, has been probably less than that encountered 
in emt the diplomatic difficulties which had 
to be removed in order to complete the cable net- 
work that would satisfy German ambition and 
necessities. The opposition raised by vested 
interests has been great and continuous, occasionin 
delays by raising objections that at times seem 
insuperable. The German colonies were acquired 
as opportunity offered, are widely scattered, and 
do not offer a convenient seaboard for landin 
submarine cables, or erecting stations from whic 
a telegraph system might conveniently radiate. It 
is a far | from Emden to the Azores, for 
examplé, and Germany would fain have broken the 
line on our Cornish coast, but such hospitality was 
denied. Even to avail herself of the Azores the 


by | kindly permission of the Portuguese had to be 


solicited. Vigo offers evident advantages for 
certain routes, but again its possible use de- 
pends upon the good will of Spain. Look in 
what direction Germany will, some nation has 
to be entreated, and some ining effected, 
some jealousies to be appeased, and some suspicions 
allayed. And Germany fought her way through 
all obstacles, overcame all the secret and open 





opposition that was offered, struggled against fears 
and prejudices, and was victorious over all rivals. 
How this end was accomplished is the tale M. Lesage 
tells, recalling many forgotten pieces of history, 
and illustrating the intricate paths of diplomacy. 
We are permitted to see German agents now 
trafficking with the Danish and again with American 
companies ; in alliance with the Dutch, the German- 
Netherland Company is formed, and undismayed 
by repeated failures and the improbability of success, 
the Torah Government is approached and found 
willing to provide facilities of great moment. 
Germany has known how to wait, how to influence, 
and how to drive forward at a critical time ; she 
has invented new methods of exploitation by creat- 
ing and subsidising companies of mixed nationality, 
so powerful that they can compete with organised 
Governments. Whether she will be permitted to 
reap all she has sown, to profit by all she has 
plotted, is the problem which is being fought out 
on the battlefields of Europe and Asia. tever 
may be the issue, the price that Germany will 
have to pay for the luxury of satisfied ambition 
will be heavy and self-consuming, and her cables 
will never be useful in war until she has command 
of the sea. 
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Srpontangous OxIpATION oF Pynritzs.—A case of 
spontaneous oxidation of iron pyrites recently came 
before the law courts at Hamburg; the facts dated 
several years back, and have nothing to do with the war. 
The oxidation did not cause a fire, but it destroyed the 
i ich the iron sulphide was being 4 
somewhat unusual ; but 

The ou were put 

at mpeg ‘Hh inning of November, to 

be shi up the Elbe; owing to various causes—low 
water being one of them—the b: was delayed, and the 
— were not discharged till the end of February. 
mineral had not been ly covered in, the rain 

and air had converted some of the sulphide into acid, 


are, 


ne suggest caution. 


and the iron had been badly corroded. 
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ROYAL METEOROLOGICAL SOCIETY. 


THe annual meeting of this Society was held 


on Me my - the 19th inst., at the agg Institu- 
jor H. 


G. 

tbe oR R.8., President, in the chair. 
he report of the Council for 1915 was laid before the 
and the Symons Memorial Gold Medal, which 
ed biennially for —“_- work in connection 
wih meteorological science, was ted for transmis- 
. Angot, Bureau 


sion to Dr. C. tral Météorologique 
de France. The President (Major H. G. L ons, F RS) 
delivered an address on ‘‘ The Winter Climate of the 


— Mediterranean,” of which the following is an 
tract :— 

“At the popes time, when the area of the Eastern 
Mediterranean is of special interest, I would direct your 
attention to its climate, which must exercise great influ- 
ence on the naval and military operations now in pro- 
gress. During the last fifteen to twenty years a large num- 
ber of er agen stations have been in operation, and 
from their published results we have an accurate and 
detailed baseteiee of the meteorological conditions 
which prevail there at the different seasons of the year. 
These vary from true continental climate of the 
Balkans, with its low winter temperatures and moderate 
rainfall at all seasons, to the Mediterranean climate of 
Southern Greece and the Levant, with its mild winter, 
hot summer, and a strongly marked rainy season in 
winter. In Lower Egypt these characteristics also prevail 
in @ more intense form. 

** The geographical character of the Balkan Peninsula 
and the surrounding seas, Syria and Palestine, and Lower 
Egypt, affect to some extent the general climatic condi- 
tions, and these are described. The temperature in the 
= region in winter is frequently very low, descend- 

to 0 deg. Fahr., and often below thisat many stations, 
while frost occurs often at inland Greece and occasionally 
throughout the Eastern Mediterranean. The most severe 
occurs when anticyclonic conditions with clear 
ain and light winds prevail in the Balkans ; the air 
then falls to a very low temperature, and as a result 
streams off the hig down into the low-lying 
7égean Sea as a strong cold northerly wind which often 
reaches gale force. January is the coldest month, and 
February differs but little from it, the first marked 
departure from winter conditions occurring in March. 
By this month, too, the waters of the Mediterranean 
begin to grow warmer. During the winter months they 
have been from 5 deg. to 10 deg. Fahr. warmer than the 
coasts, where, therefore, the winter climate is much 
milder than inland ; but in March the difference becomes 
very small, and disappears at many places as the land is 
growing rapidly warmer. In —. rainfall is ~ te 
on the western shores of —- —S —— — 
less on the eastern coasts. 
maximum in November, b~ - ey pol ad 
slightly, but it is not heavy at any time. Rain falls 
during the e of depressions from the Medi- 
terranean which pass from west to east, mm Reed cloudy, 
mild weather, rain, and strong winds. Rainfall 
southward, and in Lower pt the amount is oe 
nificant. The normal air-circulation of the Eastern 
terranean is simple in its — outlines. Northerly winds | ?° 
blow over Greece and the Aigean Sea, becoming north- 
westerly in the Mediterranean, and westerly on the 
Syrian coast. In Egypt northerly winds prevail. This 
arrangement, which follows from the —_ distribution 
, — in —-, is, me sty greatl — by 
the frequent passage of de: ons along the iterra- 
nean from west to east. — ~ the Balkans to 
the Black Sea and Gesthars causing 8 
southerly gules in the Aigean Sea, ‘with rain and mi 
unsettled yy for two or three days. Others a 
Greece and the Augean, where strong southerly winds 
blow as they are approaching, which = veer to 
the north-west on the following day. Others again 
ass to the south of Greece, sometimes skirting the 
Key tian coast, and cause south-westerly galesand stormy 
r in the -Mediterranean and Levant, and 
northerly winds in the Algean Sea. An analysis of the 
observations shows that mage me A winds, which cause 
rough seas in the Aigean Sea during the winter months, 
are more frequent than couthasty winds i in the proportion 
of 2.5 to 1; and since many of northerly winds are 
due to cold air pouring down from the Balkan highlands, 
the northerly winds may continue for a week at a time, 
while southerl = rarely last for more than two days, 
unless a second depression is closely following the first.” 





TRon —- Sree. in Japan.—Iron and steel pig and 
ingots were imported into Japan in 1914 to the extent 
of 178,639 % tons, valued at 821,400/. ‘The correspondin 
imports in 1913 were 278,817 tons, representing a value 
— Of the imports of 1914. 62,556 tons, of the 
value of 293,200/., came from the United Kingdom, as 
compared with 103,473 tons, valued at 488,400/., in 1913. 
Other imports in 1914 were :—From India, 31,183 tons, 
as compared with 81,171 tons ; from China, 54,750 tons, as 
compared with 59,469 tons ; from Sweden, 16,044 tons, as 
compared with 16,011 tons ; from Germany, 7524 tons, 
as compared with 14,847 tons; and from other countries, 
6582 tons, as compared with ”3846 tons. It will be ob- 
served that there was a general ea des in the imports 
except in the case of Sweden. ian contribution 
from the Tata and ty — which had con- 
siderably increased previous years, 
received a sudden “heck i - in 1914. ivi is s expected that that the 
war will have the effect of increasing competition from 
America, which is likely to be developed - the advan- 
: of the Panama route ; but German industrials will 

uffer from loss of trade, and this will benefit both Great 
Britain and the United States. 





TESTS ON CONCRETE. 

To THE Eprror or ENGINEERING. 
Strz,—Through the columns of your journal I beg to 
draw the attention of those on researches in 
concrete, as well as others interested, to a few 
points that numerous tests which I have made from time 
ag ay oe I wish 

— ‘oremost, I wish to make a strong appeal to 
aged on concrete research not only to give the 
at information, such as proportions of mix, sizes of 
material, age, &c., but to give also the following very 
the | necessary item :—The percentage of cement content in the 
Jinished concrete, or, in the form of a fraction :— 


Volume of cement | used 
Volume of finished concrete 


In order to show the need for this I will state that out 
of twenty mixes of concrete, using different materials, to 
the common proportions, 1-2-4, "Gand ofl eunde Ser hb Gnaee 
purpose and at n, same — there was produced a 

volume of cement 
minimum ratio “TKeocns Gobeae ) of 1 to 5.6, anda 
maximum ratio ot 1 to 4.33, these being based on the dry 
volume of cement introduced. If based on the wetted 
volume of cement, the ratios become 1 to 8 and 1 to 6.2. 

The next point is that the one with the least cement 
was weakest, while the one with most was stro 
The weakest was gravel, and the other stone. Now 6, 
to some, condemns gravel ; but they are unfair. Give the 
gravel an equal chance by ‘allowing it as much cementing | » 4) 
material for the finished volume of concrete produced as 
with the stone, and also by reducing the ratio of sand to 
large material; it will be found, all other things being 
equal (materials of approximate equal size, equally clean, 
and the same treatment) that pr lly no diff will 
—— 2 Two reasons exist for the suggestion to use less 
sand :— 

(a) Gravel contains (usually) a smaller percentage of 
voids than stone. 

(6) Gravel is more easily “‘lubricated” into —- by 
the sand and cement than is stone, because of nded 
particles. 

The third point is that on the usual s 
1-2-4 concretes, the contractor using grav 
structure of a given size with the use of 100 tons of 
cement ; whereas another would use 128} tons in a stone 
concrete. 

There are two ways of looking at this— 

(a) The contractor’s. 

(b) The engineer’s. 

The contractor could save 284 tons of cement, plus the 
saving in not having to handle this quantity—a total 
saving worth effecting. The engineer can be sure that his 
structure is almost pro eo | weaker. 

It was the —s of a report of tests on (1) gravel (2 
limestone, and (3) slag, as large ag, mix 
1-2-4, where the strengths were low for Fy medium 
high for limestone, and high for slag, that prompted me 
to write you. Should this catch the tester’s eye, I 
him to make up another batch of each, but with equal 

perc of t and of equal working consistency, and 
report once more with the old figures alongside. 

Yours faithfully, 





ification for 





. O. JoHNsonN. 
Engineering School, University College, Cork, 
January 11, 1916. 





ELECTRICAL POWER PLANTS IN THE 
THAMES. 


To THE Epitor or ENGINEERING. 

Sizn,—In a recent oe of jgrferrng there 
appeared an interesti ing article referring to reports 
by Messrs. Merz any nd and H. F. Parshall upon 
thre supply of electricity to London. From these reports 
it appears that there are from forty-five to sixty-five 
electrical power-stations within the district, de 
upon the area considered. Your comment that “‘ on 
a the outstanding example to the world of how mage ed 


— not beconducted ” is very im ve. From 
the d McLellan report it appears that an annual 
caving of 170,000. in working costs can be made by 
mod: the s Lt after paying capital costs, and 
from Mr. Parshall’s report that a saving of 550,000 tons 
of coal er year can be made, which has a value of some 


400,000. 
The electrical supply system in London, as in all other 
places, has grown from small beginnings, resulting in 
vut-of-datenese, duplication, and inefficiency, and in many | accord 
cases it is, without doubt, difficult to obtain 
water and coal. There comes a time in all such instances | ti 
when ag A everything must be oe my + 
© time is aj ing w is to 

in te don. In aaeon an ultimate solution 
of this problem of magnitude and efficiency, the following 
plan has occurred to me, and has, I believe, many desir- 
able features. 

The project is to place several of what, for want of a 
jes ge I ae call Ny a power-stations,” in the 
middle of the the Waterloo and 
Blackfriars Biden the Thames has a width of about 
850 ft., and here there ey be a narrow island, 
say 100 ft. wide, on which a moons poupeates could be 

The u cee teen id be shaped like the bow 
of a boat in to interrupt the flow of the water as 


modation 
here would be unlimited con- 


of coal and ash-barges. 
densing water voy t hand, — ee > 
on one side of the stati n and discharged on the other. 


can produce a | the 





The wires would pass to both sides of the river through 
tunnels, and make-up feed-water, if the river water is un- 
suitable, could come in the same way. As the Thames 
substantially divides London equally, both sides would 
be conveniently served. 
apparatus would be in the basement of 
—— > | below the water-line; in the first 
storey would be immense steam-turbines, in the 
next ome wght i ay ee and above there © would be 
coal, 6 might, in fact, necessary to use more than 
two storeys for turbines and boilers. 
be of the double Stirling type, as 
ene ee made for the. hi sae decies ft. pot tenting sur- 
ble pressure and 
iored wil two under- 


at rr danse smokeless. 
a minimum of boilers and s to 
be used, and are of the utmost importance. The chimneys 
would not extend above the top of the building and 
would be invisible. 
Such plants could be at intervals in the river, 
could be extended, and i = suitable design — ~ as 
beautiful as most other buildings, and when viewed from 
one side of the river would be as sightly as the other side 
in many places. 
ant question of the supply of coal naturally vomes u 
and this could be carried eden ay | which wou 
relieve present term 


terminal some- 
where on the 


Sainte quick time, ean oe 
These features 


congestions. 
river bank below London could be secured 
for a grand coal terminal, with 7 means of 
grasping railway coal-wagons and dropping or slidin 
their whole contents into barges, which would be to 
a= a ae aes =e oan com 
or storage at pee to provide for stoppage o' 
shipments, and there should be machinery for tonite 
it in the most advan manner. 
The navigation of the Thames would scarcely be inter- 
fered with, as craft in either direction naturally 
rem hey right- of the river, which would only 
be about 50 ft. narrower than now. Difficulty in carry- 
ing out this scheme would naturally be encountered with 
Thames Conserv Board, but perhaps in time 
it could be overcome in view of its manifest advantages. 
Yours truly, > 
KAN, 


F. 
53, State-street, Boston, Maass., siaategtie 1915. 





— banned See Deve. -—In an rr ar 
wi e five-year ship ing programme of the Uni 
States, The ‘on Trade Review, Cleveland, Ohio, says 
that American private an mageny Bg T. t, 
while the Navy Yard wer than theirs, it is 
well known that the bids of the Government plants do 
not represent the total cost for a bat’ ip. It is on 
these grounds that the private plants are showing an in- 


of | Climation to forego Naval work until the Navy 


ment officials Less to a realisation of the fact that it : 
uite impossible for private enterprise to compete wit 
vernment yards ype _—~ conditions. Already 
the Navy Departmen ey to be worrying lest the 
Navy yards will be ad to build the two wo, battleships 
recently awarded without long delays, as is characteristic 
of Goverment work. 





om L.O. ~4 REGULATIONS RELATING = yay 
NORETE.— special importance attaches to r 

gov the use of reinforced concrete just issued by 

on County Council, since they are extremely 

ikely to be adopted en bloc by evn & authorities 

throughout the country. Rules of this kind though 
necessary, owing ‘‘to the hardness of man’s heart,” are 

not, of course, free from certain drawbacks, and unless 

ision be made for frequent revision may, as know- 

a develops, come << to constitute a serious 


drawback in the paths of progress. In general — 
regulations are bound ~ assume as their 
, fair average quality, and thus indirectly serve X.. 


discourage the use of the very best 
disadvantage is hardly remediable without th 
intolerable strain on the surveyors or engineers ng a the 
local authority, who indeed are mmsel ves in gene in general also 
of merely “ air average quality,” so that a discretion 
which might quite properly be exercised by, say, the late 
Sir Benjamin er cannot safely be ye gel po 
local onan to Muggleton-on-sea. Fixed 

wo the CC. 0. cubes 


stan fa necessary, and that 
= few as Ti" 
certainly prove enemuieiesonodie to 
These will also find useful a 


oy = yoy HAL B 


ye a fag 
have been advoca by architects and acce 
surveyors. In some cases the error involv 
been as much as 30 per cent. 


by 
ed has 
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TRIMMING-LATHE FOR SMALL PARTS. 
CONSTRUCTED BY THE SELSON 






Si 





THe accompanying illustrations show a small 
trimming-lathe, designed and sold by the Selson 
er Company, Limited, of 85, Queen Victoria- 
street, London, E.C., for forming and finishing opera- 
tions on small parts, such as screws and knobs, which 
have been machined on capstan lathes or automatic 
machines. 

Figs. 1 and 2 are respectively end and side eleva- 
tions of the tool, while Fig. 3, which is reproduced 
from a photograph, ~ a good idea of its general 
- p oryreey As will be seen, it is driven by a pair 
of fast and loose pulleys, which are 4 in. in diameter 
and 1} in. wide, and hand-wheels are also provided to 
facilitate the turning of the spindle by hand. As 
originally desi , the belt-shifter was made as 
shown in the drawings, Figs. 1 and 2—i.c., the belt- 
fork was placed in front of the pulleys, but a more 
convenient arrangement, shown in Fig. 3, has now 
been substituted, the belt-forks a placed behind 
the pulleys and operated by a e in front. If 
desired, a cone-pulley and counter-shaft can be supplied 
in place of the fast and loose pulleys, The spindle, 
which is hollow so that draw-back collets can be 

hosphor-bronze bearings, and the thrust 
is taken on a fonteaed steel ring ; the diameter of the 
hole through the spindle is 43 in. The slide-rest 
is moved in a transverse direction by a lever and 
steel rack and pinion, which gives a total movement 
of 12 in.; it is fitted with a turret tool-post, taking 
two tools of j-in. square steel. The top slide is 
adjustable longitudinally along the carriage for a 
distance of 14 in., and positive stops are provided for 
both longitudinal and transverse movements. The 
swing over the carriage is 34 in., and over the top 
slide 2} in. 

In Fig. 3 the lathe is shown fitted with a radius 
turning attachment, of which the construction and 
methed of operation will be clear from an inspection 
of the illustration. This renders the machine parti- 
cularly well suited for finishing fuse-caps and other 
objects having spherical surfaces. On the whole, 
it seems to be a very useful little tool, for which many 
applications can be found in the manufacture of 
munitions. 


used, runs in 





Pxersonat.—Robert Matthew Raymond, a prominent 
mining engineer, has been appointed Professor of Mining 
in the Columbia University vate School of Mines. 


Barris Trape Exnrsrrion.—An exhibition building, 
costing 200,000/. and covering an area of 610,000 sq. ft. 
34 times the size of Olympia), will be as the 
Palace of Ind early in 1917, at Willesden Green, 
in North - West . It is to known as the 
Industries of the Empire Fair. It will be the greatest 
trade exhibition ever organised, and is a worthy outcome 
of co-operative action on the pars of the principal trade 
associations of this country. Between 2000 and 3000 
exhibitors and upwards of 70 —- trades will be re- 





Goma of British, Colonial, 
and foreign buyers who intend to be present, the forma- 
tion of sixteen different sections. visory i 
of the Industries of the Empire and Fair consists of re- 
presentatives of the principal trade associations 

man houses of Great Britain. One object of 
this display of British goods (it is to be solely a British 
Exhition, no foreign exhibits whatever being allowed) is 
to put an effectual barrier between this country and the 
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tracers of Germany, who, whilst the war is in ‘ 
are — great stocks of in the hope of dump- 
ing them down in this and in certain neutral markets 
directly peace is declared. The administrative offices are 
in Lincoln House, High Holborn, London, W.C.; the 
profits of the Exhibition will be refunded to the exhibitors 
in the form of a bonus. 








Port Sa1p.—There was a slight falling off in the volume 
of business at Port Said in 1914 as compared with 1913 ; | 
but notwithstanding the depression caused by the war | 
there was an increase over 1912 (the next best year) of | 
£E159,000. Until the outbreak of the war the trade of | 
Port Said was increasing; but it immediately felt the | 
influence of war dislocation and depression. The imports 
of coal into Port Said in 1914 were 1,774,814 tons, or 
182,509 tons less than in 1913. This was due to a diminu- 
tion in deliveries during the last five months of the year, 
and to high coal freights which prevailed during the same 
period. freights averaged Soom Janu to July, 
1914, inclusive, 9s. per ton, and from August to q 
1914, inclusive, 30s. per ton from Cardiff, and 1/. 12s. 6d. 
per ton from the Tyne. The average price of Cardiff coal 
at Port Said during the latter period was 2/. 14s. ton, 
and of N Country coal 2/. 10s. 6d. per ton. Forsome 
time after the outbreak of war homeward freights from 
India averaged as low as 12s. per ton, and it became more 
cent llgeli w p part of the cargo space to 
cheaper Indian coal, thus obviating the necessity of coal- 
ing at high rates at Port Said. An improvement has 
since occurred in this respect, as homeward rates from 
India have risen to 2/. 10s. per ton. The manufacture of 
patent fuel is assuming importance, sales in the interior 
amounting in 1914 to between 60,000 and 70,000 








tons. From January 1, 1914, the maximum d ht of 
vessels using the canal was increased by 1 ft. to 29 ft., 
and the draught was further advanced in 1915 to 30 ft. | 


The minimum width of the canal, ata depth of 32 ft. 10in., 


3. 


is now 147 ft. 9 in., and the maximum width, exclusive 
of Lake Timsa and the Bitter Lakes, is 328 ft. 





Tuer DeveLopment or Szecnuan (Cu1Nna).—Szechuan 
prevines, the largest and wealthiest province in the 
Jhinese Empire, offers, says The London and China 
T ph, @ magnificent market for British manufactured 
particularly machinery, but it is noticeable that 
very little machinery has been hitherto imported into 
the province, and still more noticeable is she fact that 
only a small portion of the machinery imported in recent 
years is of British origin. Our contemporary says the 
province is self-supporting, and suggests that at a 
comparatively small cost a foreigner with a couple of 
| Chinese assistants could work very profitably in 
the interests of British manufacturers and prepare the 
way for some definite scheme in the fupure. e@ would 
have to do considerable travelling and keep in touch with 
Chinese who are contemplating some industrial enter- 
prise. It is very rarely that a Chinese will come to 
terms at once with a foreign engineer for the purchase 
of plant. In the first place the estimate is gene- 
y much higher than the Chinese bargained for. He 
should therefore be given full information about his 
requirements, and left to consider the thing for a few 
months, after which he should be re-visited, and assisted 
in every _—— way toarrive at a conclusion in the 
matter. © foreigner should be assisted as far as possible 
the Consulates, and would soon become known to the 
i officials and merchants throughout the country 
as an Official representative of British manufacturers. 
Such a representative, backed up by British engi i 
firms collectively, could not fail to produce ts whic 
would fully justify the expense incurred. The main 
object would be to endeavour to turn as much engineering 
business as possible into British channels, and to see that 
no scheme is put forward requiring outside assistance 
which does not come to the knowledge of the British 
investor 
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ELECTRICAL RAILWAYS.* 
By Henry Mercatr Hosaart, M. Inst. C.E. 
(Continued from page 48.) 
Rotter PantToGRaPH COLLECTORS. 


Eacu of the 72-ton freight locomotives is fitted with a 
roller pantograph trolley. The additional four —_— 
locomotives are each fitted with two pantographs, but 
only one is in use ab a time. the heavier freight 
trains are headed by two 72-ton locomotives, and conse- 
quently the current for the heavier freight trains is 
collected at two contact points. The eight motors on two 
locomotives have an aggregate continuous capacity of 
2160 horse-power. Atan efficiency of 0.85 per cent. for 
the electrical equipment on the locomotive, the corre- 


sponding current to be collected is 
2160 x 746 _ 
085 x = 790 amperes. 


The general practice during starting and accelerating 





is to keep the current at not more than 500 amperes per 
72-ton locomotive. 


The limiting currents which have been mentioned 
rarely — Under usual service conditions the 
average current collected pantograph is some 
400 to 500 amperes when starting and when i 
grades. When, as is usual, a freight train is headed by 
two 72-ton locomotives, the two pantographs are con- 
nected in multiple by a bus-line run on the top of the 
locomotives, with a jumper for effecting the connection 
between them. Each locomotive is equipped 
with two pantographs, but only one is in use at a time. 


Tue Cuicaco, MILWAUKEE AND St. Pavt 3000-VoirT 
ELECTRIFICATION. * 


In the map in Fig. 7 will be seen, represented bv light 
lines, the ab line of the Butte, Anaconda and Pate 
Railway, the electrification of which has been described 
in the preceding pages. The heavy lines represent a 440- 
mile section of the Chicago, Milwaukee and St. Paul 
Railway. This 440-mile section comprises (including 
— and sidings) 650 miles of single track, and runs 
rom east to west, extending from Harlowton, in the 
State of Montana, to Avery, in the State of Idaho. The 
line from Harlowton to Avery comprises four divisions, 
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Thus currents as gress as about 800 amperes will be | 
collected from the 4/0 trolley-wire, and on the reasonable 
assumption that the current will not divide a 
between the two pantographs, it is incumbent upon eac 
pantograph to be capable of dealing with current up to 

amperes, in the service on the Butte, Anaconda and 
Pacific Railway. The 4/0 trolley-wire will have a rise of 
about 180 deg. Cent. when carrying 1000 amperes con- 
tinuously in the open air. For this temperature rise it 
can carry a considerably greater current for a few minutes. 
It is to be noted that the current will flow to the points 
above the locomotives from both directions from the 
nearest feeding-points behind and ahead of the locomo- 
tives. Taking these data into consideration, it will be 
seen that the system could deal with four 72-ton locomo- 
tives simultaneously located between two adjacent feed- 
ing points, and uiring an aggregate of some 2000 
amperes. The three Smelter Hill sub-station sets deliver, 
when all in service, 1250 amperes at their continuous 
rated load, but they are capable of providing (3 x 1250=) 
3750 amperes for five minutes. 





_* James Forrest Lecture, delivered before the Institu- 
tion of Civil Engineers, on Tuesday, December 14, 1915. 
In the enforced absence of Mr. Hobart in America, this 
lecture was delivered on his behalf by Mr. John A. F. 





Aspinall, M. Inst. C.E. 


the average length of each division amounting to 110 
miles. Avery is only some 400 miles from the Pacific 
Coast, and in the event of satisfactory experience with 
electric operation of the 440 miles between Harlowton 
and Avery, the railway contemplates continuing the 
electrification to Seattle, on the coast, which will make 
a total distance of 850 miles from Harlowton. The rail- 
way commenced in the latter part of 1914 to put its 
electrification plans into effect, and forty-two electric 
locomotives, each weighing 250 British tons, together 
with machinery for fourteen sub-stations and material for 
the transmission distribution of the electricity, are 


now being supplied. In the spring and summer of 1915 
the 113 miles between Three Forks and Deer Lodge were 
equipped for electrical operation, and it is in ed that 


by the beginning of 1916 all trains passing over this 





* The author wishes to take this opportunity to 7 
his thanks to Messrs. A. H. Armstrong and E. S. John- 
son, who are closely associated with the electrification of 
the Chicago, Milwaukee and St. Paul Railway, for 

assistance which they have given him in supplying the 
information embodied in the author’s description of this 
undertaking. Reference should also be made toan article 
at page 683 of the Raslway Age Gazette for October 15, 
1915, entitled ‘* Electrification of 440.5 miles of the St. 


Paul, 





division shall be propelled exclusively by electric looo- 
electricity will be supplied under a con- 
th the Montana Power Company, which has ten 
hydro-electric = this region. 

ty-supply stations will, when com- 


an i capacity of over 
,000 kw. The tana Power Company supplies 
electricity to consumers distributed over many 


parte of 
the States of penn PE =. The total water- 
ap sey in this system is over 400,000 
acre-feet, which, with the other arrangements provided 
by the power company, affords ample assurance of an 
uninterrupted supply of electricity at all seasons.* The 
railway company is providing a 100,000-volt tie-in trans- 
mission line. — power a deliver the eleo- 
tricity into this tie-in transmission line at several feeding- 
in points. The price of the 100,000-volt 60-cycle three- 
phase electricity delivered to the railway company at 
these feeding-in points is 0.26d. per kw.-hour. e 
railway sub-stations are Pe gen from the 100,000-volt 
tie-in line, which is loca —— on the railway com- 
pany’s right-of-way and runs partly over public domain 
to cut out detours. ; . F 
A profile of the 440-mile section of railway from Har- 
lowton to Avery is shown in Fig. 8. There are fourteen 
sub-stations for the 440 miles from Harlowton to Avery, 
cubstetgue songes. fous $8 to @0 lion te avenge 2 
sub-stations ranges from 18 to i av is- 
tance being 32.5 miles. (We have seen that the distance 
between the sub-stations on the Butte 2400-volt railway 
was 26 miles.) The section between Three Forks and 
Deer includes the crest of the line over the main 
atks dink oaS ur eps gente Gaile tapeieent 
a 21- upa cent. while east-boun 
tonian anust asand 9 sites of LOS par cont. grade. é 
The sub-station equipment comprises oil-immersed 
three-phase transformers (for s ing down the pressure 
from 100,000 volts to 2300 volts) and Mare 
sets which convert the 2300-volt three-phase electricity 
into 3000-volt direct current. Each motor-generator set 
comprises a 60-cycle synchronous motor, direct connected 
to two 1500-volt direct-current generators. These two 
epee a ne connected in series to —— lo 
excitation for each set is supplied from two exciters, 
one - each end <= shaft. amt -~ 
are of two sizes, continuous ratings being respectively 
1500 kw. and 2000 kw. Their two-hour cola are 
respectively 2250 kw. and 3000 kw., and the generators 
are compound wound to maintain constant terminal 
pressure for all loads up to their two-hour rating. They 
also have five-minute ratings of three times their con- 
tinuous rating. Thus we have for the two sizes— 


Kilowatts. Kilowatte. 
Continuous rating .. 1500 2000 
Two-hour os 2250 3000 
Five-minute ,, 4500 6000 


The location and equipment of the fourteen sub-stations 
are given in the following table :— 




















ef tetas GE Pe (ite ge 
Name ot | =“ BE oF ; E ~§ gs o§ 
Sub-Station, | $5 |S 3 35 He 3 | <a2 o§ 
wo Fe Ee At 8 8 a | aos 
ee > okin s 
Z< 2a0\8 else pasi=a8 aie 
Two Dot 426 2 | 2600 | 5000 2 | 2000 4000 
Summit 392 2 | 2600 | 5000 2 | 2000 4000 
Josephine 362 | 2 | 2500 | 6000; 2 | 2000 4000 
Eustis 832 2 | 2500 | 5000 2 | 2000 , 4000 
Piedmont 289 3 | 1900 | 5700 8 | 1500 4500 
Janney.. 262 3 | 1900 | 6700 8 | 1500 | 4500 
Morel .. 228, 2 | 2600 | 6000 2 | 2000 , 4000 
Gold Creek 193 2 | 2500 6000 2 2000 4000 
Ravena 160 2 | 2600 5000 2 | 2000 4000 
Primrose 122 2 | 2500 | 5000 2 2000 4000 
Tarkio .. 86 2 | 2600 | 5000 2 | 2000 4000 
Drexel . 47 2 | 2600 5000 2 | 2000 | 4000 
East Portal 2) 8 | 2600 | 7600 3 | 2000 46000 
Avery .. 0, 8 | 1900 | 6700 3 1600 | 4500 








Total for fourteen sub-stations : 74,600 kv.a. of transformers ; 
59,600 kw. of motor generators. 


It is seen from the above table that there is a total 
capacity of 74,600 kv.a. of transformers to su ly the 
synchronous motors, as against 59,500 kw. in direct- 
current eae Taking the over-all efficiency of the 
sets as Nl cent., the input to the synchronous motors 
for a rated output of 59,500 kw. from the generators is 
65,500 kw., and since the corresponding input is 
74,600 kv.a., the machines may be operated with a 
power-factor of 0.88 ; that is to say, if the fields of the 
synchronous motors are sufficiently over-excited 
transformers will provide an incoming current which will 
lead with a power-factor of 0,88. 

The forty-two locomotives each have a continuous 
rating of horse-power and weigh 250 British tons. A 
250-ton St. Paul lovomotive is thus 40 per cent. more 
powerful than two 72-ton Butte locomotives operated as 
a single machine. In addition to this, the St. Paul 
locomotives are equipped for tive braking for 
long periods on down-grades. electrical equipment 


* For every foot of elevation, the potential energy in a 
British ton is 0.840 watt-hour. One acre-foot of water 
—_— 1220 British tons. Consequently, for every foot 
of elevation, an acre-foot of water represents 1. kw.- 
hour of potential energy. Assuming that the 400,000 
acre-feet of water-s in question has an average 
utilisable head of 70 ft., and that 50 per cent. of it can 
be delivered as electricity to consumers, then the total 
amount of electricity which thus can be made available is 
(400,000 x 1.025 x 70 x 0.50 =) 14.4 million kw.-hours. 
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is consequently very liberally designed and weighs 73 Ib. 


POF the forty. cg men ca. Shirty f freight | 
=o ves, are for 
service, Each motor’s armature-shaft is fitted with an | 


18-tooth pinion at each end. These pinions engage with | 


82-tooth gears on the locomotive axle, the ratio of _—s 
reduction thus being 4.56. The remaining twelve loco- 
motives are for service. These have 29-tooth 

the ratio 2.45. Except 


inions and 71-tooth ! 8 
for this difference, an additional weight of 18 British 
tons for steam-heating equipment, the passenger loco- 
motives are identical with freight locomotives. Six 
of the thirty freight locomotives also have the steam- 
heating equipment, and are thus available for hauling 
passenger trains. ? 

The trolley is of the “‘double-wire catenary” con- 
struction, and consists of two 4/0 wires suspended from 
the same catenary, but by independent hangers. This 
in ing and very effective construction is difficult to 
illustrate. Above tangent track the two wires lie close 
together, and are not readily distinguished from one 
another ; but on curves there is a little distance between 
the two wires at the points of suspension. The points of 
sus) ion of the one wire, by means of its han are 
ioe between the points of suspension of the other 
wire. is alternation continues right along the structure. 

The locomotive’s pan each carry a double-pan 
collector. By means of such a double-pan collector 
— sliding contact with two 4/0 trolley-wires, sup- 
ported as above described, 2000 amperes can be satisfac- 
torily collected at any speed up to 60 miles per hour. 
There will be no occasion to collect so great a current as 
2000 amperes in the contemplated service. Each loco- 
motive is fitted with two pantographs. The method of 





alternate suspension of the two trolley-wires has 
. 10. 


uss 


TRACTi\VE EFFORT OF LOCOMOTIVE: 





(462/%) 


AMPERES TO LOCOMOTIVE 


Fic. 10. 
Goops Locomotive. 


found to provide an exceedingly smooth operation, with 
complete elimination of any tendency to flash at the 
points of suspension at any speed. 

The leading dimensions and performance characteristics 
of the freight locomotive are as follow :— 


Total weight os - - 250 British tons 
Weight—mechanical equipment 340,000 Ib. 
9 electrical o 220,000 ,, 
on drivers we ee 200 British tons 
* on each guiding-truck  « e0 
Number of driving-axles . . ss 8 
Weight per driving-axle .. 25 British tons 
Number of motors. . ae oe ae 8 
o a ep Apts «> ‘a 2 
axles per guiding-truck 2 
Weight on guiding-axle .. oe 12.5 British tons 
Over-all le of locomotive .. 112 ft. 
Rigid wheel-base .. Po 10 ft. 6 in, 
Diameter of driving-wheels 52 in. 
36 ” 


” guiding o ee ee 
7 —- of motors (continuous 
ng’ ag - i a le 
Tractive effort (continuous rating) .. 71,000 
Speed at this tractive effort st 3000volts 15.9 miles per hour 


Per cent. which above tractive effort 
constitutes, of weight on drivers 15.8 per cent. 


If we assume a train friction of 6 lb. per ton, then, 
when developing its rated tractive effort of 71,000 b., the 
following are the complete train weights and the trailing 
loads which one of these 250-ton locomotives can draw up 
various grades. The ill, in each case, be 15.9 
miles per hour, and the load on the motors will be 3020 
horse-power. 


3020 horse-power 


| Total Train Weight. Trailing Load. 


Grade. 
per cent. | British tons British tons 
0.5 4120 | 3870 
1.0 | 2500 2250 
2.0 1400 1150 
3.0 970 720 
4.0 740 490 


On the assumption of equal frictional resistance of 
locomotive and load » in pounds per ton, the effi- 
ciencies for these five cases are as given in the table in 
the next column. 

The locomotive’s characteristic curves at 3000 volts are 
drawn in Figs. 9, 10, 11, and 12. The eight motors are 
geared to the locomotive’s driving-wheels, and each has 
&® continuous rating of 378 horse-power at 1500 volts. 





Tractive-Errort-Curkent CURVE OF 
Cuicaco, Minwavukeg anp Sr. Paut 3000-Vott 





| Efficiency of **Drivers-to | “ Pantograph- 
Grade. Electrical Draw-Bar” | Draw-Bar” 
Equipment. Efficiency. | Efficiency. 
! 

0.5 0.89 0.94 | 0.83 
1.0 0.89 | 0.90 } 0.80 
2.0 0.89 0.82 0.73 
3.0 0.89 0.74 0.66 
4.0 0.89 0.66 0.59 


SPECO OF LOCOMOTIVES : ™. PER hb. 





AMPERES TO LOCOMOTIVE 


(46211) 

Fic. 9. Spreep-Current Curve or Cuicaco, Mit- 
WAUKEE AND Sr. Paut 3000-Voit Goons Loco- 
MOTIVE. (Diameter of Driving-Wheels, 52 In.; 
Gear Ratio, 4.56.) 


Fig . 11. 





TRACTivVG EFFORT: ®OUNGS 


(462/41) 


Fie. 11. Tracrive-Errort-Sreep CURVE 
or Cuicaco, MILWAUKEE AND St. PauL 
3000-Votr Goops Locomotive. 


SPEEO! MILES PER HOUR 


They are permanently connected in series pairs, each psir 
using @ pressure of 3000 volts for the parallel-running 
position. Each motor is cooled by the forced circulation 
of air through it from an external blower outfit. . 
passenger locomotive weighs 268 tons, and will 
haul a 700-ton trailing passenger train at a speed of 
60 miles per hour on level track, and it will carry this 
train up all gradients of not over 1.5 per cent. For 2 
cent. grades the assistance of a pusher will be required. 
A 550-ton train can be hauled up a 2 per cent. grade by 
one of these 268-ton passenger locomotives without assist- 
ance. 
The heaviest duty of the freight locomotive consists in 
drawing a trailing load of 2230 British tons from Lom- 
(see Fig. 8) to Summit over the Belt Mountains. 
The distance is 49 miles, the ruling © is 1 per cent., 
and the average grade for the 49 miles is 0.7 per cent. 
The tractive effort for the average grade is 


(22.4 x 0.7 + 6) x (2230 + 250 = 54,000 Ib. 


From the characteristic curve in Fig. 11 we find the 
corresponding to be 16.5 miles per hour. The 
average output from the motor is— 

16.5 x 5280 x 54.000 
$0 x 33,000 = 2380 h.p. 
The average current is 670 amperes. When this run is 
made without stops, it will take three hours to cover the 
49 miles between Lombard and Summit. On the ruling 


7S of 
1,000 Ib., and the correspond and the output 
are 15.9 miles per hour and horse-power. The 
average consumption for this 49-mile run is— 


(7 nao ooo _- ) 49.5 watt-hours per ton-mile. 
Assuming 75 per cent. efficiency from the points where 


the aloctncity is delivered to the railway, the amount of 
electricity purchased is (Ors =) 66 wate-hours per ton- 
mile. Since the price is 0.26d. per kw.-hour, the outlay 
for power is (0.26 x 0.066 =) 0.0172d. per ton-mile, or 
(2230 + 250) x 0.0172 = 43d. per train-mile. 

The best steam-locomotive alternative consists in haul- 
ing such a train by a locomotive with 200 tons on drivers. 
Sach a locomotive with loaded tender would weigh 330tons. 


When hauling a 2230-ton trailing load on the average 
grade of 0.7 per cent. the speed not exceed 8.3 miles 





1 per cent. the tractive effort required is| - 





per hour, or about half the 5 of the electric loco- 
motive. Exclusive of stops, the time required for the 
49 miles would be 6 hours. The tractive effort on the 
0.7 per cent. average grade is 


(2230 + 330) x (22.4 x 0.7 + 6) = 55,500 Ib. 
The outpat at the drivers is 


53,50) x 8.3 x 5280 _ 
~~ eu x 33,000 = 1230 h.p. 


, 1230 
This corresponds to ( 0.75 = 
power. If the locomotive burns lignite with a calorific 
value of 11,000 B.ThU. per pound, the consumption will 
be 4 lb. per indicated horse-power hour. The 49-mile 


run requires (1640 x 6.0 =) 9850 indicated horse-power 


) 1640 indicated horse- 


hour. Consequently (exclusively of the consumption 
during stops) (“ en 17.5 tons of coal will be 


burned during the journey, or 2.92 tons (6550 lb.) per 


ity of hand-firing, and 


This rate is beyond the ca 
i with mechanical stokers. 


requires a locomotive equip’ 
The fuel consumption will be 


(242 MP 
49 


The stops inherent to steam-locomotive operation will 
not be accompanied (as in the electric locomotive) with a 
complete cessation of fuel consumption. On the con- 
trary, the fuel burned during stops will bring the con- 
sumption per locomotive-mile up to at least 900 1b. Ab 


) 800 Ib. per locomotive-mile. 


se. 


Perm CENT 


@rriciency: 





(4621.M) 


AMPERES TO LOCOMOTIVE 


Fic. 12. Erriciency-CurrEnt CURVE OF 
Cuicaco, Minwaukee anp St. Pavut 
3000-Vott Goopvs LocomoTIve. 


12s. per ton the fuel-cost will be 


900 x 12 x 12 . ‘ 
_ 6 * ““ = 58d. per train-mil 
2240 Pe 7 


as against 43d. per train-mile for the electric locomotive. 
The 49-mile run forming the subject of this estimate 
represents the heaviest duty, and it will, for the purposes 
of a — survey, be assumed that the average consump- 
tion of electricity and coal per locomotive-mile will, taken 
for the year, be only one-third of the amounts estimated 
for the 49-mile run. 
While large Mallets can be bought for a matter of 24/.* 
British ton, electric locomotives of the un 
iscussion cost fully three times as much, say at 1b 800. 
ton. On the other hand, the repairs of a 330-ton 
let amount to a matter of at least 12d. per mile, as 
against not over 5.5d. per mile for the 250-ton electric 
locomotive. If we credit both locomotives with a 15-year 
life, crediting the electric locomotive with 35,000 miles 
per annum, the steam locomotive with 25,000 miles 
per annum, and debiting both locomotives with 7d. per 
mile for wages of crew, the account 
| 


Annual Outlay in Pounds 

















Sterling. 
—- Per 250-Ton | Per 330-Ton 
ectric Mallet 
Locomotive. | Locomotive. 
£ | £ 
1. Sens eee... oe ool 2080 | 2020 
Il. Wages of locomotive crews ..| 1020 730 
IIL Repairs of locomotives “* 810 1250 
IV. Interest (5 per cent.), taxes 
and insurance (3 per cent.)) 
and amortisation (4.6 per) 
cent.) te ad ae 2400 950 
Total of 1.4+-11.+011.+IV. .. | 6310 4950 
Do. per locomotive-mile és | 43.3d. | 47.6d. 


* Abt page 1242 of vol. xxxii. (1913) of the Transactions 
of the American Institute of Electrical Engineers, 
Messrs. Hall and Welsh state:—‘‘ Also, the cost of 
250-ton Mallets is given as 45,000 dols. The 300-ton 
Mallet mentioned above costs now approximately 33,500 
dols., and the heaviest Mallet locomotives ever built 
we 425 tons) cost slightly less than 44,000 dols. 
t is evident that the figure of 45,000 dols. is much too 
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For the above study, which is based on equal weights 
of train hauled, Sousa ® favour of the loco- 
motive is of inconsiderable amount. In tice, how- 
ever, advantage is taken of the inherent ability of hauling 
heavier trains with electric locomotives and at higher 
speeds. In both of these ts electric operations in- 
creases the —7 of a road and incidentally de- 
creases the outlay for Ma ah crews and train 
crews. This has already bee Seong out in the analyses 
of the results actually obtained on the Butte, Anaconda 
and Pacific Railway. 

Indeed, the Mallets actually employed on the Chicago, 
Milwaukee and St. Paul Railway are much smaller than 
that on which the above illustration is based, and cannot, 
even at their lower speed, handle the service for which 
the electric locomotives are adequate. A comparison 
between the St. Paul Mallets and the 250-ton electric 
freight locomotives is given in the following table :— 


Chicago, Chicago, 
Milwaukee and Milwaukee and 
St. Paul Mallet St. Paul Electric 








Railroad, writes :—‘‘ For example, it bas a capacity of 
3600 horse-power for one hour, and even greater than 
this for short periods. The sustained tractive effort is 
72,000 Ib. at a speed of 15} miles hour at full sub- 
station line potential. Compare this with the Mallet 
engine of approximately the same weight now in opera- 
s aS Paal wend and we find that ny ot 
tractive effort, corr ding to 
cent. coefficient of adhesion, but ‘ton of you familiar 
with this beast of burden know that it toils — at 
speeds seldom exceeding 7 to 10 miles per hour when 
operating at its full hauling capacity. It is in this matter 
higher speed for the same tractive éffort that the 
electric locomotive excels.” 

At page 1889 of the Proceedingsof the American Institute 
of Electrical Engineers for August, 1915, Mr. W.S. Murray 
writes :—“* steam locomotive has lived a useful life 
of eighty years. This is not « prediction that it will not 
live many more. Even in the clothes of its mechanical 
ruggedness it is not difficult to conceive of its having 
once been a ty delicate machine, deserving of a very 





Locomotive. Locomotive. | great deal of care and attention. The electric locomotive 
Total weight (in British was born of even a more delicate nature, and while its 
tons) .. pa pea 248 ruggedness is increasing, it can never possibly be the 
(including tender) = mechanical brute that our high-powered steam 
a on drivers (in locomotives may be typified as being to-day.” 

British tons) .. oe 145 200 It is impossible to reconcile Mr. Murray’s conception 
ay = yng of the electric locomotive as a ‘delicate ” machine and 
develop ay mae tees of the steam locomotive as a machine characterised by 
starting cold .. oe - 84,400 Ib. **mechanical ruggedness” with the established fact that 
Tractive effort which “repairs” per locomotive-mile are less than half as much 
electric locomotive can for an electric locomotive as for a steam locomotive for 

wheels por guiding track 2 ae py oy on “Service fi th 
The Pus Service for Heavy Grades.—On these sec- 
‘Spin 24.0 25.0 tions of the line where the e is much in excess of 
Total weight on one rigid- 1 per cent. for any considerable distance a second 250-ton 
wheel-base truck .. 72.5 50.0 electric locomotive will be employed as a pusher. On 

Fig. 13. w 
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From the above table we see that, although the weight 
of the electric locomotive is practically equal to the com- 
bined weight of steam locomotive and tender, it has a 
38 per cent. greater weight on drivers, and enenay 
can, for a given limiting coefficient of adhesion, develop 
a 38 per cent. greater tractive effort. This gives it, for a 
1 per cent. grade and for a coefficient of adhesion of 0.18 
in both cases, and allowing 6 lb. per ton for friction, 
capacity to haul a train of ( —250 =) 2600 British tons 
behind the draw-bar, as against a train of only (2050- 
250 =) 1800 Brivish tons for the Mallet under the same 
conditions. The result isin favour of the electric loco- 


motive to the extent of 44 per cent. (since ; 4 = 1.44) for 
these particular conditions. Even in these estimates the 
Mallet has not been debited with any greater friction than 
the electric locomotive, although some investigators have 
arrived at values of the order of over 30 Ib. per ton for 
the resistance of Mallet locomotives.* Since the electric 
locomotive has guiding-trucks at both ends, there is no 
need for turntables, and the outlay for these, as also for 
stations for replenishing supplies of coal and water, is 
dispensed with. 

Opinions of Relative Ruggedness of Steam and Electric 
Locomotives.— Abt page 294 of The Electric Journal for 
July, 1915, in the course of some comments on the Nor- 
folk and Western electric locomotives (which are dis- 
cussed elsewhere in this lecture), Mr.G. M. ‘tes:— 
‘The impression given by the locomotives as they 
hauling their loads, is one of rugged simplicity and of 
fitness for handling the service. is picture is intensi- 
fied, and is indelibly fixed on the minds of those fortu- 
nate encugh to see the steam and the electrically-hauled 
trains in direct comparison, as possible during 
the period of changing over from steam to electric service. 
Three great Mallet steam locomotives, of most modern 
construction, labour = hauling their train up the grade 
at about7 miles per hour. A little later come two electric 
locomotives hauling a train of identical make-up over the 
same grades and curves at twice the speed, without 
apparent effort.” 

At page 830 of The General Electric Review for August, 
1915, Mr. A. H. Armstrong, in alluding to the electric 
locomotives for the Chicago, Milwaukee and St. Paul 


high.” Translating these figures, we have— 
Cost of 268-British-ton Mallet = 9500 — 95), per ton. 


5 x 268 
Cost of 380-British-ton Mallet = Paso =231. per ton. 
x 
_* See 1308 of Cary T. Hutchinson’s r, en 
titled ** Electric System of the Great Northern Rail- 
road Company at Cascade Tunnel,” published at 


1281 of vol. xxviii. (1909) of the 


: : Transactions of the 
American Institute of Electrical i \. 


- | to drive the motors as dynamos and return most 





the 440 miles between Harlowton and Avery there are 
only two points where, with electric operation, a pu-her- 
locomotive will be required, whereas with steam-loco- 
motive operation there are many such points. Abt 
the ends of the pusher divisions sidings are provided, 
rs the pusher-locomotive to be transferred to the 
ead of the train, where it supplements the other loco- 
motive in providing regenerative braking on the down 


grade. 

Although the control permits of operating two 250-ton 
locomotives together under the control of one engineer by 
means of the multiple-unit-control system, this can only 
be done when the two locomotives are either pushing at 
the rear end of the train or else being pushed by the train 
on down grades, for the two locomotives are capable 
(with a coefficient of adhesion of 0.25) of exerting a 
tractive effort of 100 tons—an amount decidedly in excess 
of the strength of the draught rigging. 

Regenerative Braking.—The electric service on the 
Chicago, Milwaukee and St. Paul Railway will include 
the feature of regenerative braking. : 

Ina paper by the author, entitled ‘‘ 2400-Volt Rail- 
way Hlestrification,” and published at page 1149 of 
vol. xxxii. (1913) of the Transactions of the American 
Institute of Electrical Engineers, estimates were made 
relating to the electrification of a hypothetical 96-mile 
single-track mountain-grade division of a main-line rail- 
way. The trains ascended to an altitude of 3800 ft. in 


48 miles and returned to the original level in the remain- | 8¢ 


ing 48 miles, the average gradient thus being 1.5 per cent. 
It was assumed that the ruling gradient was 2.2 per cent. 
Trains of weights up to 1600 British tons were to be 
hauled by electric locomotives over this division, the 
average between stops being 12 miles per hour. 
For standard equipments with series motors and with no 
provision for regenerative braking the costs per locomo- 
tive-mile as compared with steam-locomotive haulage 
were worked out. Were regenerative control to be em- 

loyed during the 48-mile descent, the estimates would 
Be as follow :— 

The altitude attained by the train is 3800 ft. In 
descending there is given up bya train with a weight 
of 1600 British tons behind the draw-bar of two 143-ton 
locomoti ves— 

3800 x (1600 + 2 x 143) x 2240 = 16,100,000,000 ft.-Ib. 

of energy. 

There is required for friction— 

(1600 + 2 x 143) x 8 x 5280 x 48 = 4,300,000,000 ft. -Ib. 


After deducting the amount required for friction, there 
remains 11,800,000,000 ft.-lb., or 4450 kw.-hours (since 
1 kw.-hour=2,659,000 ft.-lb.). This energy can eee 

. . . I in 
the form of electricity, to the distribution system. ‘The 
author was associa with successful tests of this kind 
re on a city tramcar) made at Newcastle in 1901. 

ful measurements were made in the Newcastle tests, 


and for tion on descents high effici was 
for regenera’ long hig ciency 


vided in the case we 


are considering, in order to have duplicate means of con- 
trolling the train, but these will be as @ reserve, 
and not be employed except at the lowest speeds 
and to hold the train at rest on grades. t us take the 


efficiency of regeneration at 68 per cent. 

0.68 x 4450 = 3000 kw.-hours 
of electricity will be sent back into the line during the 
48-mile descent. 

It had been estimated in the author's paper that with- 
out ive control the consumption of the 1600-ton 
train in making the 96-mile journey would be 11,700 kw. - 
hours. With tive braking, and employing the 
conservative estimate above set forth, the consumption is 


reduced to 
11,700 — 3000 = 8700 kw.-hours. 


By similar estimates of the consumption of electricity 
for the entire traffic ocourring on this 96-mile division in 
one year, & total annual input to the sub-stations of 107 
million kw.-hours is estimated, as against 144 million 
kw.-hours per annum without regeneration. The price 

d for the electricity is 0.336d. per kilowatt-hour in 

th cases. Forty-eight ives, each av ing 
27,200 miles per annum, are estimated to be requi to 
handle the traffic. The total annual outlay for eleo- 
tricity, and also the annual outlay per locomotive and per 
locomotive-mile, without and with regenerative control, 
work out as follow :— 


Without 








With 
Annual Outlay for ve erative 
Electricity . Control. trol. 
Total ‘eo ee ee . £200,000 £149,000 
Per locomotive .. ee ool £4,160 £3,100 
Per locomotive-mile .. ool 36. 27.4d, 


The relative operating costs for the steam locomotive 
and for two cases of the electric locomotive—i.c., 
without and with the allowance for tion, arrived 
at in the preceding i wn in the follow- 
ing table, which is based on electricity at 0.336d. 
kilowatt-hour, and lignite with a calorific value of 11, 
B.Th.U. per Ib. at 11s. per British ton. 


Operating Expenses in Pence per 
| Locomotive-Mile. = 


Electric Locomotive. 





| Steam 
I Without With 
tive. | —— Regenerative 
trol. Uontrol. 

Fuel ss 80.7 -- _ 
Electricity — 36.8 27.6 
Repairs .. 9.6 2.7 2.7 
SEE 9.0 9.1 9.1 

Engine - house expenses 1,7 _ — 
Lubricants os ee 0.4 02 0.2 
Stores oe 0.3 0.2 0.2 
Total 61.7 49.0 9.8 


It was shown in the paper that for 1600 British tons 
behind the draw-bar there would be required three 220- 
British-ton steam locomotives or two 143-British-ton 


electric locomotives. Oonsequently the opera ex- 
penses (for locomotives) per frain-mile work out as follow : 
Operating Expenses in Pence per 
Train-Mile. i 
| With Two 143-Ton 
— With Three Electric Locomotives. 
220-Ton 
team bake wi 
Locomotives. ae ve enerative 
trol. a. 1. 
Fuel Be 92.1 a oan 
Electricity _ 73.6 55.2 
pairs .. 28.8 5.4 5.4 
Wages. te on 27.0 18.2 18.2 
Engine-house expenses 5.1 _ _ 
Lubricants oe - 1.2 0.4 0.4 
Stores 0.9 0.4 0.4 
Total 155.1 98.0 79.6 





For mountain-grade applications, such as that em- 
ployed in the above example and for sparse traffic in 
general, certain important advantages attend the 
application of tive control to a dense traffic are 
not obtained, and although the saving in the amount of 
electricity consumed may often be notable, as shown by 
the above results, a main consideration in adopting re- 
generative control relates to the lesser wear of the wheels, 
the brake-shoes, and the brake- . With mechanical 
ie the speed at which a heavy freight train may be 
taken down mountain grades is often limited by the per- 
missible heating of the brake-shoes. With tive 
braking, the limit is raised to that im by other 
factors, such as the safe im y curves or by 
the construction of the or permanent way. 
broking t ~~ traffic, the oan of ~~ any 4 

ing introduces savings 0 aracter as 
result of the in’ of current between neighbour- 





trains. Ascending or trains drawa part 
of their power directly from neighbouring descending or 
stopping trains. It is analogous to the installation of 
many additional sub-stations buted along the route, 
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descending 

lower loss in the distributing system than is the case when 
the electricity is sent over a considerable distance from 
the sub-stations to the train. Furthermore, the sub- 
stations are ieved of a part of the barden, and 
the load-factor of the as Fag is increased. 
Thus tho sub-stations are shield rom the peaks of 
load, and need not be equipped with motor- gene- 
rators of so great a short-time rating. Indeed, their 
continuous rating may also be less, since the average out 
put is decreased when supplying trains with regenerative 
equipment, except in so far as such equipment will be 
heavier and will increase the total weight moved. The 
energy efficiency of these motor qoutes will be higher 
with the more uniform load. hese conclusions only 
hold good for a dense traffic. For a traffic of so sparse a 
character that on some occasions the load comprises only 
one train, there can be no equalising out between trains, 
and this will also be the case with several trains per sub- 
station if all the trains are simultaneously absorbing 
power from thesub-station. Consequently the maximum 
of advantage from the employment of regeneration, so far 
as regards d outlay for power, will be obtained 
with a dense, well-distributed traffic and with the use of 
so high a working pressure as to permit of locating the 
sub-stations long distances from one another. While on 
the Chi Milwaukee and St. Paul Railway the trains 
will be celetively infrequent, it is nevertheless considered 
that the advantages obtainable by incorporating the re- 
generative feature in the locomotive = areamply 
sufficient. These advantages relate chiefly to emancipa- 
tion from the limitations of mechanical brakes. 

The modern motor for locomotive equipments is pro- 
vided with forced ventilation and is much lighter for a 
given continuous output than were the earlier self-cooled 
motors. An important feature affecting its appropriate- 
ness for regenerative braking is that its continuous output 
is well up towards the output of which it is capable for 
one or two hours for a given temperature rise. Conse- 
quently it is not poaneeneg be greatly increase its weight 
in order that it shall be able to perform as a erator 
on down les and when decelerating the train. This 
was not the case with the railway motor of a dozen years 
ago. At that time the continuous output for a given 
temperature rise was rarely as much as half of the 
output of which it was capable for one hour for the 
same temperature rise. Under those conditions it was 
essential to successful regeneration to employ very much 
heavier equipment. The increased weight and cost of 
such an equipment, had it been vided, would have 
gone far towards offsetting the decreased energy-con- 
sumption per ton-mile obtained in virtue of regenera- 
tion. Moreover, it would have been necessary to take 
into account, not only the increased first cost of these 
heavy equipments, but also the increased depreciation 
associa with this larger outlay. 

If the ee had been thoroughly analysed in those 
days, it would have been found that in most cases the 
inc weight of the electric equipment would have 
occasioned a 10 per cent. or, in some cases, even a 15 per 
cent. increase in the total weight of the car or train. 
Consequently a 20 per cent. decrease in the energy- 
consumption expressed in watt-hours per ton- mile 
obtained in virtue of regeneration would have left an 
insignificant margin for net decrease in energy-consump- 
tion per car-mile or per train-mile. But with modern 
methods of intensive ventilation regenerative - control 
equipments can be built with but moderate increase in 
weight, and still operate within approved temperature 
limits, notwithstanding the performance of the double 
function of motoring and generating. 

From the considerations which have been set forth the 
appropriateness of regenerative control for a dense 
traffic such as systems of urban and suburban trains 
should be evident when reconsidered in the light of the 
characteristics of modern railway equipments. The 
capital cost for generating-station, for transmission-line, 
and for sub-stations, should be notably less when the 
rolling stock is equipped with nerative-control appa- 
ratus than would otherwise be the case. We thus have 
not only the decreased consumption at the train per ton- 
mile, but we also have the decreased interest and 
depreciation outlays for sub-stations, transmission-line, 
and generating -station. For instance, if there were 
required for the operation of an electric railway with a 
dense traffic an output from the generating-station of, say, 
100,000 kw.-hours per annum, then, while for an ordinary 
system without regenerative control it would be neces- 
sary to instal fully 25,000 kw. rated capacity of generat- 
ing sets, this aggregate ce mene: § would, with regenerative 
control, be materially uced, say, to 22,500 kw. rated 
capacity. The percentage decrease in the rated capacity 
required in the sub-stations would be of at least equal 
amount, and savings would also be effected in the trans- 
mission cables and in the distributing system between 
pede wt and the we rn ree Added to 
t capital savings, there is the further operating savi 
resulti y fren the reduced consumption at the train. sa 

It will be recognised from a consideration of the various 
factors entering into the problem that it requires very 
careful estimating to arrive in any particular case at a 
fair quantitative comparison of two systems, the one with 
and the other without the regenerative feature. Different 
results will be obtained in different cases. For a level 
service, the shorter the distance between stops and the 
higher the schedule speed, the more appropriate does the 
regenerative system beeome. For other than a level ser- 
vice, obviously, the more irregular the profile of the 
route, the more appropriate is regenerative control.* 

(To be continued. ) 


_* On December-9 Mr. Aspinall received the following 





PROJECTS. 


We give below a few data taken from the Board of 
Trade Journal on several colonial and foreign engineering 
projects. Further information on these > can be 
obtai from the Commercial In ranch, Board 
of Trade, 73, Basinghall-street, ion, E.C. 


Australia: The New South Wales Government Gazette 

blishes official notices authorising the construction of 
ft) the second part of the railway from Dubbo to Werris 
Creek, covering a distance of about 17 miles, and (2) sec- 
tions of the Condobolin-Broken Hill Railway, represent- 
ing a total distance of about 60 miles. 


Spain: The Boletin de las Cimaras de Comercio, 
Madrid, states that, according to statistics published by 
the Union Eléctrica KE hola, there are fifty hydro- 
electric installations in Spain of over 800 horse-power. 
The combined force of these installations represents 
1,008,876 horse-power, of which 266,576 horse-power are 
now in exploitation. There are twenty-one installations 
of from 300 to 800 horse-power, the total power of which 
is 10,243 horse-power, in use. The number of enter- 
prises representing less than 300 horse-power is thirty- 
nine. I is stated that as there is an ang ee 
of factories, especially flour-mills, using hydraulic power 
not electrically transformed, the total water-power at 

resent raised throughout the coun represents over 

,000,000 horse-power, while the Spanish Electrical Union 
calculates that the water courses of the country are 
capable of yielding up to 6,000,000 horse-power. The 
Gaceta de Madrid contains the list, published annually, 
of the various classes of material which may be re- 
uired by Spanish Government departments, and in 
the supply of which foreign competition will be per- 
mitted during 1916. Among the important items are the 
following :—Foreign timbers ; bitumen; crude petroleum ; 
coal for naval purposes, including anthracite, specified 
kinds of manufactured steel and wire ; steel rails exceed- 
= kg. per lineal metre; metal chains ; tubes and 
cables; anchors; tin, nickel, aluminium, platinum, 
bronze and ay goods ; steam-turbines ; gas-engines 
exceeding 300 horse-power; steam-boilers; dredgers ; 
tools ; metal-testing machines; machines connected with 
the tobacco, printing, naan. quarrying, &c., in- 
dustries ; weighing-machines ; bicycles ; electrical Jabo- 
ratory apparatus; electrical measuring instruments; 
telegraph and telephone appliances; electric 
lights; submarine cables; electric lighting accessories 
and arc-lamps ; electric-generating mac inee 5 gna Tighting 
appliances for railway carriages; fire-extinguishing an 
life-saving appliances ; munitions of war, such as explo- 
sives, shells, ammunition, pistols, as well as arsenal 
machinery; aeroplanes; scientific instruments; maps 
and atlases; drawing paper and models; marble and 
special glass; sanitary and drainage appliances ; ven- 
tilating and disinfecting apparatus; medical and 
surgical appliances; lighthouse accessories; chemical 
products ; linoleum; and musical instruments. The 
Gaceta of mber 30 notifies that tenders will be 
received, within a period of three months from that date, 
by the Municipality of Seville, for the installation of 
plant and equipment in the new slaughter-house in that 
city. The conditions of contract contain clauses to the 
effect that at the first competition the materials to be 
used will be confined, with certain exceptions, to products 
of Spanish manufacture, but that, in the event of no 
decision being arrived at, a second competition, in which 
foreign products may be accepted, will then take place. 
In the latter event Spanish products will have a 
10 per cent. margin of preference over foreign. The 


Gaceta also publishes a notice, issued by the Ministerio | P' 


de Fomento, granting permission to Don Justo Calcedo 
to utilise, at the rate of 10,000 litres (2200 gallons) per 
second, the waters of the River Ebro in the district of 

iranda for industrial purposes, and conceding to him 
the necessary land on which to construct a power-station, 
&c. The works must be commenced within a period of 
six months from the date of the concession and com- 
pleted within two years. 


Colombia : The Diario Oficial, Bogota, publishes a Law 
empowering the Junta Central de Higiene to undertake 
the construction of a sanitary station in the port of 
Buenaventura similar to the existing station at Santa 
Marta. For this pu the sum of 20,000 pesos gold 
(4000/.) is to be included in the National Estimates each 
year until the station is completed. The same Law also 
allots the sum of 10,000 gold (2000/.) for the com- 
— of sanitary buildings, for the bacteriological 
aboratory, and for the construction of a wharf at the 
sanitary station of Santa Marta. 





AGRICULTURAL MACHINERY.—There was a very and 4 
contraction last year in the external demand for Briti 

agricultural machinery. This was largely due to the 
collapse of the central European markets, as in peaceful 
timee British implement firms have developed valuable 
connections in Austria, oe and any; the 
Russian demand has also not been without importance. 





cable from Mr. Hobart:—‘‘On occasion my James 
Forrest lecture, please announce that on St. Paul elec- 
trification 2500 British-ton trailing load, 12 per cent. 
more than guarantee has been hauled up the 20-mile 

e Piedmont to Donald, containing 2 per cent. ies, 
y two 250-ton 3000-volt electric locomotives, descent 
successfully controlled regeneratively, returning elec- 
tricity into 100,000-volt transmission system. Official 
tests now taking place, to be followed immediately by 
regular electrical services on 113-mile division between 


Threeforks and Deerlodge. 


-| consulting engineer 0’ 





Vacuwm Cleaners.—The Sturtevant Rageous Com- 
pany, Limited, i 147, a en = -» have 
sent us a copy of a pam > illustrating lescribing 
their turbine vacuum i tus, which is suit- 
able for use in all kinds of beildinge, railway carriages, 
tramcars, &c. For buildings stationary plants, com- 
prising a multi-stage fan driven by an electric motor, are 
usually installed in the basement, pipes, with suit- 
able connections for the cleaning-nozzles, are run to all 
parts of the building ; a dust-separator is, of course, pro- 
vided near the inlet to the fan. These plants are made 
in five standard sizes of from 2 to 12 horse-power, and the 
larger sizes are capable of keeping five to eight operators 


employed simultaneously ; larger ts can, however, 
be supplied i Portable cleaners, ranging 
from 6 to 4 horse-power are also made, the larger sizes 


for cleaning railway carriages, warehouses, workshops, 
and other buildings, and the smaller sizes for domestic use. 
In all cases the machines depend for their action on the 
exhaustion of a large volume of air at a low vacuum, 
which usually ranges from 4 in. to 24 in. of mercury, and 
rarely ex 3 in. This enables large nozzles to be 
used, and large nozzles allow the carpet to lift slightly 
from the floor, so that the carpet bends and the pile 
7 out, and the dirt which accumulates at the bottom 

the pilé is all removed. It is also stated that higher 
vacua tend to damage the fabrics being cleaned. 


Scherzer Rolling-Lift Bridges.—An_ interesting and 
attractive booklet a ao the inception, de- 
velopment, and use of Scherzer rolling-lift bridges has 
reached us from the Scherzer Rolling-Lift Bridge Com- 
pany, of Monadnock Bleck, Chicago, U.S.A. The general 

inciples of these bridges are clearly explained in the 

klet,. but we do not pro to deal with them here, 
as we have illustrated and described several examples in 
previous volumes, s 1d the principles are now familiar to 
most engineers. It1a interesting to note, however, that 
the first Scherzer bridge was constructed to the 
Metropolitan Elevated Railroad over the ——— iver 
at Chicago, where the limited right of way between 
existing swing-bri precluded the use of a horizontally- 
moving bridge of the requisite span. Vertically-moving 
bridges of all types then known, including a reproduction 
of the Tower Brid were suggested and abandoned as 
failing to meet all requirements. William Scherzer, a 
Chicago, eventually solved the 
problem with his rolling-lift design, and although he did 
not live to see its completion, the structure now 
been in satisfactory service for over twenty years. 
Daring this period an average of 1500 trains daily have 
over the bridge, and no delays to railroad or river 
traffic have been recorded. Since that time some hundreds 
of bridges have been designed by the present company, 
which was formed soon after the death of Walliam 
Scherzer, to develop the principles of the design and 
place them before the public on a business basis. ilway 
and road bridges with spans varying from 29 ft. to 310 ft., 
and ranging from 9 ft. to 130 ft. in width, have been 
built to their designs to meet widely — require- 
ments in many different parts of the world. No depar- 
ture from the main principles of the original design has 
found necessary, though, of course, ny | improve- 
ments have been made in details. For instance, thecounter- 
weight is now made of concrete, weighted, if necessary, 
| the addition of scrap-iron to the aggregate, instead 
of cast iron, as originallyemployed. The operating strut 
formerly used to roll the bridge backwards and upwards 
has been done away with, and the movement is now 
effected by means of pinions gearing with fixed racks 
laced with the rolling track at the level of the 
centre of the segmental roller; the machinery is all 
carried on the bridge itself. Improvements have also 
been made in the design of the track and segmental roller, 
machined-steel castings now being used for the bearing 
surfaces instead of rolled-steel plates. The booklet gives 
a partial list of Scherzer bridges completed, or under 
construction, in different = of the world, including 
ten in Great Britain and Ireland. Several examples are 
illustrated by means of excellent half-tone engravings, and 
the whole character of the booklet is highly creditable to 
those concerned with its production. 








German CueEmicaL InpusTRY IN 1915.—Though the 
rise and fall of company dividends are not an unfailing 
barometer of the state of a trade, the fall of dividends 
means something. During 1915 the dividends of all the 
big German chemical manufactories went down consider- 
ably, from 28 per cent. (in the previous year) to 19 per 
cent. in the case both of the ische Anilin Fabrik and 
the Elberfeld Farbenfabriken, and from 30 to 20 per cent. 
in the case of the Héchster Farbwerke (which make the 
famous specialities of. the late Professor Ehrlich); the 
Chemische Fabrik F. Schering paid 10 instead of 15 per 


cent., Th. Goldschmidt-Eesen 8 instead of 12 cent. 
But, the Chemiker Zeitung points out, these res, if 
considered alone, would still give far too ay | a picture. 
Many chemical-trade firms did not By any dividend at 
all. The same applies to one-third of the twenty-five 
cement works, to five out of ten big paper and ulose 
works, and to many porcelain, and earthenware 


lass, 

works. Potash firms aso did badly. On the other hand, 
the lignite and industries, also the starch and linoleum 
industries had little ground for complaint. In many 
works, no doubt, the profits—held over for the present 
and not yet noticed in the balance-sheets— in the 
departments engaged in war supply balanced the losses of 
the other departments ; but the general outlook was not 
@ favourable one. 





